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Wuie looking for Leishmania bodies in heart sections of white mice which 
had died after inoculation with the dejecta of Triatoma rubrofasciata, lesions 
similar to those found in typhus fevers were noticed, also Rickettsia-like 
bodies. Accordingly these triatomes were suspected of harbouring Rickettsia 
transmissible to laboratory animals and the following work was carried out. 


RICKETTSIA-LIKE BODIES IN 7 RIATOMA RUBROFASCIATA 


Our small stock of adult bugs, ten in number, collected in straw huts from 
two different localities was used for the purpose; smears were made from the 
organs of seven of them and the remaining three were sectioned. All the 


bugs examined showed Rickettsia-like bodies. 

Smears of adults. The bugs were dissected and smears prepared from the 
gut, malpighian tubules, various muscles, etc. These smears were stained in 
slightly alkaline dilute Giemsa (1 drop per c.c.). Under oil immersion (circa 
x 1000) the smears showed large numbers of organisms of various size, shape 
and colour which were most abundant in the gut smears; but every organ 
examined (salivary glands, ovaries, etc.) and the muscular tissue from various 
parts of the body contained such organisms. The following forms were seen: 

(1) Minute coccoid and paired coccoid bodies staining a brilliant red with, 
in the latter, a pinkish intermediate substance. 

(2) Minute bacillary bodies staining a light blue. 

(3) Slender small paired lanceolate forms stained purple and usually 
occurring in small clusters. 

(4) Rod-shaped organisms purplish red in colour with darker stained polar 
granules. These organisms predominated in all smears examined and were 
found intracellularly as well as intranuclearly and were usually surrounded by 
a clear areola. 

(5) Filamentous organisms, sometimes branched, staining either homo- 
geneously blue, pinkish blue or purple, and showing occasionally a few fine 
purplish red granules. They were often seen arranged in a tangled skein. Many 
of these filaments had a broken appearance and consisted of smaller threads, 
curved or straight. 
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Sections of adults. The technique recommended by Wolbach et al. (1922) 
for fixing, staining and mounting was adopted. In these sections the midgut 
cells of all three bugs were found to be teeming with pale blue minute coccoid 
bodies occurring singly, in pairs and in chains. Some cells showed long twisted 
thread-like forms staining pale blue or light purple; whilst in a few of the 
infected cells small paired lanceolate organisms staining more deeply and 
enclosed in a clear areola were found clustered together. Numbers of gut cells had 
their nuclei infected with a few of these paired lanceolate bodies. As with the 
smear method, Rickettsia-like bodies though scanty could be seen throughout 
the bug, in the malpighian tubes, ovaries, salivary glands and various muscles. 
Very few organisms were found in the lumen of the gut but a fair number were 
seen free in the lumen of the malpighian tubes. 

Smears of Triatoma larvae. Smears of the gut of the larvae, at various 
stages of development including newly hatched ones, were prepared and 
stained with alkaline Giemsa. Rickettsia-like bodies conforming to the types 
seen in the adults were invariably present, but no tangled skein of filamentous 
organisms were found. 

Smears of eggs. Eggs of Triatoma were well washed in 5% lysol, then in 
0-75 % sterile physiological saline and dried on filter paper. The embryo was 
extracted from the shell, smeared on to a slide and stained with Giemsa. A 
light infection with the Rickettsia-like bodies was present, conforming mor- 
phologically to those seen in the adult bugs. 

Staining. As pointed out by Arkwright et al. (1921) for Rickettsia lectularia, 
the colour of these organisms in Giemsa-stained smears, appears to be much 
influenced by the surrounding medium and by the degree of discoloration of 
the smears. Their remarks as to the relative readiness of staining of R. lectularia 
applies also in the case of the bodies in Triatoma rubrofasciata. All forms were 
decolorized by Gram’s method and, whereas the smaller organisms did not 
stain at all using the ordinary laboratory dyes (carbol-thionine, carbol- 
methylene blue, Leishman’s stain, fuchsin counterstain, etc.) a few of the larger 
ones could easily be made out in smears so stained. 

Cultivation. Inoculation of the teased gut of 7. rubrofasciata on various 
ordinary laboratory media invariably showed no growth of any of these 
organisms. In some cases a few colonies of Staphylococcus albus and Bacillus 
subtilis grew on these media, but obviously they were contaminants as strict 
aseptic precautions could not be observed throughout the dissection of these 
bugs. 

ANIMAL EXPERIMENTS 


(a) White mice. Seventeen mice were inoculated intraperitoneally with the 
faeces or coccygeal fluid of Triatoma rubrofasciata; none showed any outward 
signs of infection. Thirteen were killed between the 2nd and 69th days after 
inoculation, whilst the remaining four mice died 29, 84, 85 and 156 days 
respectively after inoculation. As these inoculations were performed for the 
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detection of Leishmania bodies the heart tissue of a few of these mice, including 
two of those that died, was fixed in 5 % formalin and sections cut, which were 
then stained with Ehrlich haematoxylin and eosin. No Leishmania cysts could 
be found in any of the sections, but, instead, marked cardiac lesions were dis- 
covered in the mice which had succumbed to the infection. These lesions were 
chiefly of the focal type, showing as small discrete areas, certain of which were 
just visible to the naked eye. Microscopically they consisted of collections 
of large numbers of polymorphonuclear leucocytes together with a certain 
number of macrophage cells, lymphocytes and eosinophiles; many muscle 
fibres in those regions had undergone partial necrosis. There was also a marked 
diffuse infiltration in which macrophage cells and lymphocytes were abundant; 
the granulocytes being less numerous. Thrombi of the smaller vessels, often 
accompanied by marked perivascular infiltration, were not uncommon. These 
thrombi were usually composed of numbers of macrophages, a few lympho- 
cytes and polynuclears, but some of the mural fibrin type were also seen. In 
sections stained with Giemsa, occasionally a swollen endothelial cell in the 
thrombosed vessel showed phagocytized rod-shaped organisms. Many thread 
organisms were seen lying free between the muscle fibres which themselves 
were sometimes parasitized with small masses of large irregularly lanceolate 
organisms. All these organisms were stained a pale blue but in the threads a 
few purplish blue granules were seen. In addition a few clusters of minute 
coccoid and paired coccoid bodies staining purplish red were observed. The 
above description applies to the mouse which died 29 days after inoculation; 
cardiac lesions in the other dead mouse were much the same but with fewer 
focal lesions and the presence of the minute coccoid bodies only. A very mild 
diffuse infiltration in which macrophage cells predominated was noticed in the 
killed animals with, in certain cases, a small focal lesion at the auriculo-ventri- 
cular junction in which granulocytes were numerous. 

(6) Brown rats. Three wild rats were inoculated with the dejecta of the 
Triatoma. None showed any clinical signs of infection. They were splenecto- 
mized on the 25th, 28th and 29th days respectively after the inoculation. Rat 1 
died 2 days afterwards, rat 2 died during the operation and rat 3 having 
survived was killed 8 days after the splenectomy. No definite Rickettsiae 
were seen in rats 2 and 3 but the spleen of rat 1 examined soon after its 
removal showed a few of the following organisms: 

(1) Big irregularly lanceolate bodies of a purplish red colour. 

(2) Small paired lanceolate organisms stained purplish red. 

(3) Rod-shaped organisms staining light purple with darker polar granules. 

(4) Thread-like bodies stained bluish pink. 

At post mortem the lungs of this rat were found invaded with minute pale 
blue lanceolate bodies with purplish red granules and delicately stained bluish 
pink thread-like organisms with or without purplish red granules. The possible 
occurrence of Bartonella organisms in these splenectomized animals was borne 
in mind during the examination; no red blood corpuscle was found parasitized. 
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(c) Guinea-pigs inoculated with the bug’s faeces or an emulsion of the 
brain of a Rickettsia-infected mouse showed no obvious reaction. A further 
attempt was made with guinea-pigs on a vitamin deficient diet (Zinsser et al. 
quoted by Lewthwaite & Savoor, 1936). A suspension in 0-75 % saline of a 
crushed adult triatome was inoculated in the peritoneum of two male vitamin 
deficient diet guinea-pigs. One died soon after the inoculation. The other 
animal showed no definite pyrexial reaction but only a slight scrotal swelling. 
The animal was killed 26 days after inoculation and its brain, spleen and 
testes ground up with physiological saline and 3 c.c. of the emulsion injected 
into each of a male vitamin deficient diet guinea-pig and a normally fed one. 
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Fig. 1. Guinea-pig on a normal diet inoculated with Rickettsia bodies after passage 

through V.D.D. guinea-pigs. 





A fall of temperature to subnormal was noted in the former on the 9th day 
followed by a slight scrotal swelling. It died on the 11th day after inoculation. 
The guinea-pig on a normal diet showed a definite febrile reaction com- 
mencing on the 8th day after inoculation and persisting for 5 days. It was 
killed on the 19th day. Rickettsia-like bodies were seen in the various organs 
of both animals; a larger number, including thread forms, was met in the 
cremasteric muscles, tunica vaginalis and around the testes. These bodies 
have now been passaged five times through guinea-pigs. 

The following is a brief description of the main lesions found in the brain 
of guinea-pigs inoculated with the triatome Rickettsiae. Numbers of small 
proliferative lesions are seen around badly damaged capillaries; perivascular 
infiltration is common, the cells involved being chiefly of endothelial origin. 
Many of the smaller capillaries show almost a complete occlusion of their 
lumen, but whenever the latter is patent large numbers of polymorphonuclears 
are seen. Slight perivascular haemorrhages occur. Close to a few of the smaller 
capillaries accumulations of neuroglial cells are present. There is also a certain 
amount of meningeal infiltration with numbers of polymorphonuclears, some 
eosinophiles, plasma and macrophage cells. 


Discussion 


The pleomorphism, staining characteristics and failure to grow on ordinary 
laboratory media, all support the view that the organisms in T'riatoma rubro- 
fasciata are Rickettsiae. 
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They can presumably be transmitted hereditarily from parent to offspring, 
as is shown by finding similar organisms in the unhatched embryo and larva. 

Experimental work on small laboratory animals has shown that when they 
are inoculated with this organism an infection does occur which may be fatal. 
White mice seem more susceptible than wild rats and guinea-pigs. Guinea- 
pigs on a normal diet were unaffected, but when submitted to a vitamin 
deficient diet a slight scrotal swelling was noted. These passaged organisms 
when inoculated into normally fed animals produced a definite pyrexial 
reaction with in some cases a slight scrotal swelling. In all the infected animals 
Rickettsia-like bodies could be found, particularly in the testes and adnexa. 
The organisms recovered from the inoculated animals were morphologically 
similar to those found in the reduviid bug. 

The Rickettsia-like bodies from 7. rubrofasciata have intranuclear forms 
like (a) Dermacentroxenus rickettsi, the causal agent of Rocky Mountain 
spotted fever and allied fevers (Pinkerton, 1936) and (b) possibly itickettsia 
orientalis, the organism of rural typhus or Tsutsugamushi fever (Lewthwaite & 
Savoor, 1936), but this is the first time that filamentous organisms are reported 
in conjunction with intranuclear forms. 

An interesting feature, is the presence of the filamentous bodies in the 
organs of inoculated animals, but such an occurrence is by no means unusual, 
since Roberts & Tonking (1933) have already reported on the presence of such 
longish organisms in the testes of guinea-pigs inoculated with a suspension of 
crushed ticks. 

The possible presence of such pathogenic Rickettsia-like bodies in larvae 
of Triatoma rubrofasciata should not be overlooked when carrying out Brumpt’s 
xenodiagnosis in Trypanosoma cruzi infections. 


J. Lewis WEBB 


SUMMARY 


1. Rickettsia-like bodies are recorded from the reduviid bug, T’riatoma 
rubrofasciata. 

2. These Rickettsiae are capable of being transmitted hereditarily and 
have been found in the unhatched embryos and larvae of the bug. 

3. They produce pathological lesions in laboratory animals and can be 
maintained for at least five passages through guinea-pigs. 
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AN INVESTIGATION OF THE COMMON FISH 
LOUSE, ARGULUS FOLIACEUS (LINN.) 


By CLIFFORD BOWER-SHORE 
Fish Research Laboratory, Hazel Grove, Stockport, Cheshire 


(With 1 Figure in the Text) 


HABITAT AND DISTRIBUTION 


ARGULUS FOLIACEUS has a remarkably wide distribution, and is found through- 
out Europe. A. coregoni, which is another European form of the Argulidae, 
has been recorded in England from such localities as the Birmingham Canal; 
Barble, Leicestershire; Berkshire Trout Farm; the River Wharfe, Yorkshire; 
Tring Reservoirs; the Thames; the River Frome in Somerset; and the River 
Lune. 

The majority of the remaining members of the Argulid group have been 
recorded from American waters, and it is quite possible that the great American 
continent was, as has been suggested, the proper habitat of the Argulids. 
Since more than half of the Argulidae are marine, Thorell’s view that this 
family prefers fresh water cannot be accepted. 

Although A. foliaceus is found throughout the British Isles, it is more 
widespread and prolific in the north of England than in the south. It has been 
recorded by Wilson in American parasitic Argulidae on the following hosts: 
brown trout (Salmo trutta L.); stickleback (Gasterosteus, all species); roach 
(Rutilus rutilus L.); perch (Perca fluviatilis Rondelet); carp (Cyprinus carpio 
L.); tench (Tinca tinca Cuvier); pike (Esox lucius L.); bream (Abramis brama 
Cuvier); tadpole of frog. 

Records by other authors are: 

Salmon (Salmo salar L.). Specimen of Argulus foliaceus taken from salmon 
in River Wye examined by Major G. Burrard, D.S.O. 

Grayling (Thymallus thymallus L.). An infestation of grayling occurred in 
the River Clyde many years ago. 

Gudgeon (Gobio goo L.). Recorded by Bower-Shore (1938). 

Tadpole of smooth newt (Triturus vulgaris vulgaris (L.). Recorded by 
Bower-Shore. Specimen taken 19 October 1938. Stayed on host until moult 
of tadpole took place on 14 November 1938, Recorded by letter to British 
Museum 27 October 1938. 

Work on the parasitic fish louse, Argulus foliaceus, has been carried out 
for over 2 years, and it suggests some modifications in the generally ac- 
cepted conclusions of previous workers in this field. As will be shown in this 
paper, the frequently quoted statements on A. foliaceus in Charles Branch 
Wilson’s well-known work, American parasitic Argulidae, are subject to 
several corrections. 
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A. foliaceus, wholly an external parasite, clings to its host by means of 
sucking disks formed by a modification of the anterior maxillipeds. These 
disks are short flexible cylinders, the extremity terminating in a circular, 
almost cartilaginous, horizontal rim and having a membranous margin. Con- 
traction and expansion of the muscles of the disks result in the adhesive and 
moving capabilities of the suckers, and by a walking motion of these organs the 
Argulids move relatively quickly over the body of the host so long as it remains 
moist. Further adhesive support is afforded by tiny triangular spines with 
which the lower surface, and the edges of the carapace, are studded. Argulus 
differ greatly from the Caligidae genera of marine parasites, such as the salmon 
sea lice, by the possession of two compound eyes which are large and sur- 
rounded by a wide blood sinus. 

Argulus found on carp and sticklebacks have been noted in divers positions, 
and they may remain in the same position for several days. Efforts made to 
reproduce natural conditions of a fast-running stream in the laboratory tanks 
did not wash off the parasites from their hosts, nor, apparently, were they 
caused any serious inconvenience. 

For periods of 5, 7, and 8 days specimens of A. foliaceus have remained on 
the body of a dead host—carp, stickleback, etc. After 8 days, despite serious 
fouling of the water, an Argulus has been removed alive from the dead host, 
and after being placed in another tank has attached itself to a new host within 
half an hour. Argulus larvae have also remained attached to a dead host for 
several days after the death of the fish. In one section of his work Wilson 
suggests that the Argulus remains in the same spot on the host for a com- 
paratively short time. 

No special selectivity of a healthy host has been noticed during the present 
investigation. Sticklebacks, some in perfect condition, others far advanced in 
a fungoid state, in the same tank have all been attacked by Argulus indis- 
criminately. 

When three or four Argulus are present on fish, sticklebacks especially, 
and situate on, or close to, the lateral line, swimming and natural movement of 
the host is restricted and acute contortions of the body and loss of swimming 
elevation occur. 

The food of A. foliaceus is the blood of the host, and it is obtained by 
means of a long evertible proboscis, or dart, formed by a modification of 
certain of the mouthparts. When this is thrust beneath the skin, blood is 
sucked from the resultant wound. It is thought that an irritant poison is 
injected into the host which serves to break down the blood corpuscles. 

There appears generally to be some doubt regarding the precise food of the 
Copepod parasites of fish. Some authors have concluded from the absence of 
a red colour in the alimentary canal that certain families of ectoparasites feed 
entirely upon the mucus of the host’s body. Minchin (1909) expresses his 
doubt as to blood being the food of A. foliaceus. 

It is therefore important to record the presence of tiny blood clots in 
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several of the largest specimens of female A. foliaceus taken during this in- 
vestigation. On the other hand, the larvae of A. foliaceus appear to congregate 
around the areas of fish upon which there is most mucus, and there have been 
occasions when the adult Argulus have been on a fish for some time without 
there being any sign of a skin puncture. It was therefore decided that chemical 
tests should be applied with reagents which would reveal the presence of blood 
and thus prove that the food of A. foliaceus was the blood of the host. The 
tests were made on numerous specimens and positive results were obtained by 
the use of Kastle-Meyer reagent for the detection of haemoglobin. Crushed 
specimens of Argulus were treated with ten drops of the reagent and a few 
drops of hydrogen peroxide (20 vol.). The characteristic colour reaction (deep 
permanganate) developed almost immediately. Tests were also made with 
Takayama’s solution 2—haemochromogen crystal test reagent. These tests 
yielded the salmon pink crystals of characteristic appearance. Still further 
experiments were made with benzidine solution. (A saturated solution of 
benzidine in glacial acetic acid, diluted with four times its volume of 10% 
pure hydrogen peroxide.) The specimens of Argulus were slit along the pro- 
boscis and alimentary canal sections and pressed slightly. On the addition of 
a drop of the benzidine solution a dark blue colour formed immediately. In 
the case of the larger specimens lately taken from fish hosts this colour 
reaction spread throughout the alimentary canal and body and reached the 
first segment of the natatory legs. It was interesting to note that in the case 
of specimens which had been taken from the host and kept in a free-swimming 
condition for 3 and 4 days, and, in one instance, for a week, the characteristic 
blue reaction occurred with a varying colour density. It is suggested that 
digestive gland fluids destroy the red pigment of the host blood. 

During 1938 and 1939 it was proved that in the water under close obser- 
vation! there was no definite breeding season; breeding was carried out from 
February to October. Since that time even closer watch has been made, and 
the finding of female Argulus carrying eggs in late December, and the discovery 
of Argulus larvae on sticklebacks in early February, would tend to show that, 
in this particular water at least, breeding continues throughout the year. 

The eggs of A. foliaceus are ellipsoidal and approximately 0-35-0-46 mm. 
in length. They are placed end to end and are covered with a gelatinous 
envelope which swells and hardens on contact with water, securely fixing them 
to the substratum. The eggs are white when first laid but gradually change to 
a yellowish shade. The egg deposits, usually placed on a hard surface such as 
stones, vary in numbers, but the average appears to be about 150-200 eggs. 
One batch of eggs laid in one of the laboratory tanks in October 1938 numbered 
only thirty-nine. The time for hatching varies, but 30-35 days may be taken 
as the average. Close observation was kept on a female Argulus laying eggs 
on a tank wall on 2 April 1939. Eggs were deposited in two rows, alternately, 
by a slight forward, climbing movement of each sucking disk. Twenty eggs 


1 Reddish Canal, Stockport, Cheshire. 
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were laid in 7 min., and fifty-six eggs in 25 min., and they were in two clusters, 
fifty-six in the first cluster, and seventy-nine in the second. The total time 
for this egg laying was 80 min. 

Many of the brief references to Argulus in natural history books are mis- 
leading, particularly those which suggest that the parasite has favourite hosts, 
such as.the pike as stated by Boulenger (1936). Wilson (1903) also states that, 
like most parasites, each species of Argulus seems to like a certain kind of fish, 
or at most a few different, but closely related, species. With regard to A. 
foliaceus, however, I would suggest that it is a question of attraction to similar 
colour of fish rather than to closely related species. For instance, A. foliaceus 
shows little selectivity as to its host in fish of somewhat similar pigmentation 
or subdued colouring, such as pike, perch, bream, carp, stickleback, gudgeon, 
brown trout, etc. Recent experiments, too, would tend to show that the 
parasite dislikes strong light, and this may be legitimately advanced as a 
reason for the comparative immunity from louse infestation of brightly 
coloured fish. In one stretch of Argulus-infested water, which has been under 
close observation throughout this investigation, there are a number of brightly 
coloured carp, glowing reds and gold being dominant shades. Each highly 
coloured fish taken has been subjected to close examination, but not one 
specimen of A. foliaceus has been upon them. On the normally coloured 
specimens of carp in the same waters as many as twenty-eight adult parasites 
have been found. 

Laboratory tests have confirmed in some measure the signs of negative 
heliotropism in Argulus. It must be admitted, however, that this colour dis- 
crimination has not been maintained absolutely in the experimental tanks, 
although it has been noticed that the parasites have not remained for any 
appreciable length of time on brightly coloured hosts in the aquaria, nor have 
they often attacked vividly coloured fish when other sober-hued fish have 
been in the same tank. 

‘ In the experimental tanks no normally coloured (natural) British fresh- 
water fish has been found to be immune from infestation by Argulus. Common 
brown trout appeared to be more prone to attack than the more highly coloured 
rainbow trout, and young sticklebacks, bright green in colour, were also not so 
frequently molested as the more dingy-hued members of their species. On the 
other hand, it has been noted that there has been no desertion of the fish when 
it has changed colour, such as the extreme blanching of sticklebacks in 
response to a white-walled tank. Again, the Argulus larvae and the adult 
specimens have both attacked the red-flushed throat and breast of the male 
stickleback in spawning dress. 

It is perhaps opportune to make here a definite statement regarding the 
wound sustained by fish as the result of Argulus attack. One specimen of A. 
foliaceus, 4-5 mm. in length, was placed in a tank containing a small carp. 
An hour later the parasite attached itself to the head of the fish. Two days 
afterwards it was removed, the fish anaesthetized and the wound on the place 
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of contact closely examined. The wound area was roughly 3 mm. long, 3 mm. 
broad and 0-75 mm. in depth. The skin had been penetrated in three places, 
and the wound appeared to be very sore. Six months after the removal of the 
parasite the mark of the wound was still plainly visible as a pale area. This 
would tend to show that there is a permanent discoloration of the part attacked, 
which, in turn, suggests the breaking down of the pigment cells, In further 
investigation of the suspected destruction of colour cells a large female Argulus 
was removed from a stickleback, the fish killed and the section of the derma 
upon which the parasite had been attached removed and examined. This 
examination proved that the black and yellow pigment cells had been destroyed. 

The effects of a severe attack of A. foliaceus on a fish are frequently fatal, 
and the fins and tail may be completely destroyed. A small stickleback 1} in. 
long was caught on 27 April 1939 and closely examined. It was found to be 
infested with Argulus larvae to such an extent that there were altogether 132 
adhering to the fish. The larvae were in various stages of development, and 
were distributed as follows: 
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Left side Right side 


Clustered around operculum 12 
Side of anal fin 
Side of dorsal fin 
Anus 

Ventral fin 
Pectoral fin 
Body 


Total on body (includes the two larger specimens) 88 
Tail 14 
Belly 22 
Under jaw 8 

Total 132 
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The wounds caused by Argulus serve to destroy the protective mucus 
enveloping fish, thus rendering the victim susceptible to attack by fungi. It 
has been frequently observed that Saprolegnia ferax quickly developed on the 
tiny punctures made by Argulus in the skin of fish. 

Small specimens of A. foliaceus have been noticed on the eyes of stickle- 
backs, and this may result in the destruction of the eye by an infection with 
fungi, a condition which has been noticed on numerous occasions during the 
present period of research. As previously mentioned, the Argulids have shown 
no tendency to avoid a fish heavily attacked by fungi. 

The female A. foliaceus is far more numerous than the male and during 
the present investigation the ratio has exceeded 3 to 1. 

It has been observed that mortality after egg laying is high. In the 
majority of cases the desertion of the host, egg laying and return to a new 
host has occupied less than 12 hr. 

When specimens of A. foliaceus were introduced into a tank containing 
small pike and perch it was noticed that the fish refused to eat when the 
Argulids were in a free-swimming condition. The numbers of Argulus have been 
found to be restricted in waters containing roach. Wilson has reported that 
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the louse in its larval stages provides food for such fish as young roach and 
dace. In the laboratory aquaria young roach have eaten the newly hatched 
Argulids, but not so carp, tench, pike, perch, gudgeon, sticklebacks and trout. 
The experiment of introducing the parasite in its early stages into a very small 
stretch of water containing only roach was made, and the result certainly 
supported Wilson’s finding. All roach taken on rod and line later were sub- 
jected to the closest scrutiny, but no trace of adult Argulus was found. No 
signs of Argulus were found in the stomach contents of these roach. Even the 
smallest of the Argulids appear to have some power of sting, and the majority 
of fish ejaculate the smallest larvae. 

In common with many Crustacea.A. foliaceus shows some slight powers of 
cryptic colour change within their normal colour range of green-brown and 
greenish yellow. In July 1938 a brilliant red specimen was taken from a local 
canal. This was a male, and was taken along with seven other normally 
coloured Argulus from a small carp whose colouring was the usual dark bronze. 
The base colour of the parasite was a pinkish red, with the carapace ramifi- 
cations a deeper shade, and the sexual markings on the abdomen a very dark 
red. Unfortunately, circumstances prevented the careful examination neces- 
sary to determine a satisfactory explanation of this unique coloration. In 
October 1939 a further red specimen of A. foliaceus, a small male, was found. 
Over a lengthy period, between twenty and thirty red-brown specimens of 
A. foliaceus were collected, and it was decided to carry out titration tests to 
determine if possible the reason for this pigmentation. Specimens of Argulus 
of normal coloration were emulsified and tested for iron content, the reagent 
being thioglycollic acid. The result was negative. When four of the red-brown 
Argulids were emulsified and treated with one drop of the thioglycollic acid a 
faint purple colour was produced in the presence of ammonia. This reaction 
shows that a trace of either ferrous or ferric iron was present, and it is sug- 
gested that mineral matter may be the cause of this individual pigmentation. 
The density of the colour produced in these qualitative tests varied with 
each batch of reddish brown specimens emulsified. Specimens emulsified and 
tested for copper (reagent: sodium-diethyldithio-carbamate) yielded negative 
results. 

The colour of Argulus frequently shows a slight variation in accordance 
with the position taken up on the host. It has been observed that the dorsal 
surface of the large female A. foliaceus has, in some cases, been characterized 
by beautiful colouring and design. The effect has been one of highly mottled 
black and green marble. This colour design has not been seen on the male 
Argulus or the small femaie specimens. 

It has been frequently observed that, owing to the lack of carbonate of 
lime which is so essential to the building up of an outer shell, our fresh waters 
are sparsely stocked with crustaceans. In view of the abundance of A. foliaceus 
in the principal water under review it was thought advisable to take an 
analysis of the water. The result was surprising, for the calcium content of the 
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water was found to be very low, the following figure being recorded: 0-0109% 
CaCO,. For comparative purposes I detail below the calcium content of the 
waters of two rivers: 

0-0157 % CaCO, 

0-0220% CaCO, 

The water analysed was taken from varying sections of the water, and 
from varying depths in order that a true representative sample would be 
obtained. 

A small organism was isolated from the alimentary canal section of A. 
foliaceus and a similar organism has been isolated from the heart blood of a 
stickleback which had served as host to several specimens of A. foliaceus. 
Brief details of this organism and bacteriological tests made on it are as 


Thames river water 
Trent river water 





follows: 


Source 
Morphology 


Staining reactions 
Cultural characters 


Details of agar plate cultures 


Details of gelatin plate cultures 


Fish broth culture 


Peptone water culture 


Potato 
Fish oil (dark) 


Seal oil (light) 


Alimentary canal section of Argulus foliaceus (Linn.) 


Small bacillus 
Non-motile 


Gram-negative 


Aerobe between temperatures of — 2 to 30° C. 

Facultative anaerobe between -2 to 30°C. but growth 
correspondingly slow 

Prolific growth on fish extract agar plates at all temperatures, 
but particularly at room temperatures 

A less prolific growth on fish extract gelatin plates 


Circular yellowish growth at 20° C. 

Texture—smooth. Funnel-shaped—regular 

Rapid liquefaction. Production of powerful yellow-green 
pigment on complete liquefaction 

This was not soluble in chloroform, but showed a very faint 
blue reaction to sulphuric acid 

From platinum needle stab, colonies attained a size of 9 mm. 
breadth by 4 mm. deep in 72 hr. at 10°C. 

Rapid growth on haemoglobin-agar plate. Original colour, 
brown; colour changed to blood red after complete lique- 
faction had been effected within 5 days 


Circular surface growth—regular—downwards, Texture— 
dryish 

After 72 hr. at 10° C. size of colonies from platinum needle 
stab was 6 x3 mm. deep 

Original colour, dry white, turning to production of dirty 
brown pigment after complete Dageehhetion, which was 
5 days at temperature detailed above 

Very little growth at temperatures below 5° C. 


Slight general turbidity—10 days at 8° C. 

White — 

Very slight greenish yellow pigment produced near surface 
of the tube culture 

Fairly rapid growth at 8° C. 

Slight turbidity. Slight surface scum 

Whitish deposit 

Yellow-green pigment production as in the fish broth culture 

Moist growth. Brown-green 


Slow white growth. Suspension of bacteria throughout the 
oil after 4 days at 8° C. Slight surface scum 


Slight white growth. Suspension of bacteria throughout oil 
after 5 days at 8° C. Slight surface scum 
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Biochemical reactions 


A No Indol production 
B Sugar Fermentation Acid Gas 
Glucose Yes Yes Yes 
Maltose Yes Yes Yes 
Mannite "es Yes Yes 
Lactose No No No 
Litmus milk Incubation 48 hr. at room temperature 


Acid production and pronounced clotting 


Resistance to drying Cultures were smeared on sterile pieces of glass; these were 
kept in a sterile Petri dish, and the smear allowed to dry 
The present organism died after being dried for 44 hr. 


Agglutination tests The organism was found to be auto-agglutinable 


EXPERIMENTS 


(1) Temperature tests 


As specimens of A. foliaceus had been taken from carp caught in industrial 
canals, near to the hot water and steam outflows of mills situated on the banks, 
it was evident that the general hardiness of the fish inhabiting the high tem- 
perature sections of such waters was matched only by the adaptability of 
Argulus. Experiments were therefore undertaken with a view to determining 
the behaviour of A. foliaceus at high temperatures. 

In the first experiment the specimen of the parasite was one which had 
been free-swimming for 3 days; the average water temperature during the 
3 days was 49° F. 

The Argulus was placed in a large beaker, containing a thermometer, and 
hot water was added gradually. The addition of the hot water was not uniform. 


Time Water temp. 
p-m. A Remarks 
12.15 51 Normal movement 
12.45 67 Do. 
12.50 68 Do. 
1.0 74 Weaker movement of last pair of natatory legs 
1.15 72 Do. 
1.30 80 Do. 
2.0 70 General restricted movement 
2.15 78 Do. 
2.30 90 Do. 
2.50 97 Very little movement 
3.20 78 Much quickened tempo 
3.40 100 Almost complete stoppage of movement 
3.50 105 Slight general twitching 
5.20 67 Very little movement 
5.40 60 More movement (at this stage the louse dropped 
from the side of the beaker, a position which it had 
held throughout the rise in temperature) 
7.30 52 Almost normal movement on the bottom of the 


beaker 


Further experiments on similar lines were conducted, but with a uniform 
addition of hot water and over a longer period. The Argulus subject to these 
later experiments successfully withstood temperatures as high as 110° F. 
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(2) Longevity of A. foliaceus in a free-swimming condition 


Experiments were conducted in an endeavour to determine the length 
of time it was possible for Argulus to live in a free-swimming condition. 

The specimen concerned in the first experiment lived for 16 days. It 
ceased active swimming on the 10th day. Four days were spent clinging to 
the beaker wall, and the last 2 days on the bottom of the beaker. 

Up to the 12th and 13th days the beat of the natatory legs was quite 
strong, but on the succeeding 2 days the action was very feeble. After agitation 
of the water on the 15th day there was increased motion of the first, second 
and third pairs of natatory legs. The water was drained, and replaced ; following 
this there was a general increased movement of all organs. The specimen died 
on the following day. 

Numerous further experiments yielded an average free-swimming life con- 
dition of 15 days. 

(3) A. foliaceus and salt water 


It had been observed that no ill effects were apparently felt by A. foliaceus 
when carp hosts suffering from fungous infection were placed in weak salt 
baths. Furthermore, a specimen of A. foliaceus had, when placed in a tank 
containing brackish water, immediately attacked the solitary occupant, a 
small flounder, Pleuronectes flesus. 

Experiments were therefore carried out with solutions of high saline 
content. Two grammes of sea salt were dissolved in 8 c.c. of water, and a 
specimen of Argulus introduced. There was an immediate stiffening effect, but 
the specimen lived for 20 min. The same amount of sea salt was then dissolved 
in 18 c.c. of water and a further parasite introduced. Here again the effect was 
immediate, the general movement of the organs being greatly diminished. 
After 5 min. the solution was diluted gradually, and the Argulid partly 
recovered but died within 12 hr. 

In both these experiments immersions were made immediately into very 
strong solutions. In gradually increased salt solutions up to a maximum of 
5% specimens of the parasite did not appear to be seriously distressed. It is 
interesting to note that the percentage of solids, and salts, in sea water is 
roughly 4%. Mediterranean sea water contains 3-37 % solids. 

A. foliaceus has been recorded on a fish taken from the Faroe channel. 
During this present investigation a number of the Marine Biological Stations 
situate around the English coasts have been approached regarding the possible 
presence of Argulus on marine fish examined. The Naturalist in Charge at the 
Marine Biological Station at Port Erin, Isle of Man, writes: “I can say quite 
definitely that no marine fish has ever passed through this station bearing a 
specimen of any Argulid.” The Dove Marine Laboratory at Cullercoats have 
no record of A. foliaceus being found on a marine fish. And an extract from 
a reply received from the Marine Biological Association of the United Kingdom 
reads: “We have never found any Argulid on sea fish taken at this station.” 
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(4) Longevity of A. foliaceus out of water 

The first experiment in connexion with this matter was carried out on 
5 March 1939. The original water temperature was 48° F. The specimen was 
taken from the water and placed on a watch glass. All surplus water was 
drained from the glass and immediate vicinity of the parasite by filter paper. 
The experiment started at 11 a.m. the watch glass being placed on the stage 
of the microscope under the low power. There was a gradual diminution of 
the tempo of the circulatory system. At first there was much flexing of the 
head carapace and sucking disks, but the more violent movements ceased at 
11.10 a.m. All the natatory legs flexed to the abdomen at 11.15 a.m. At 
11.45 a.m. a rose colour became apparent on the outer edges of the carapace, 
and on the walls of the sucking disks. This coloration has been noticed on 
many occasions to be a characteristic precursor of death. The parasite died 
about 1 p.m. the length of survival being approximately 2 hr. Further experi- 
ments of a similar nature have yielded divergent results, but the average 
survival period is in excess of 1} hr. 


mm. 
or 
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Fig. 1. Chart showing comparative growth of A. foliaceus on carp—solid line, 
stickleback—broken line. 
(5) Comparative growth of A. foliaceus 
Experiments have been made on the comparative growth of A. foliaceus 
on different species of fish. The results appear to show that the larger the host 
the quicker the growth of the parasite. On the other hand, it must be recorded 
that the average size of A. foliaceus found on sticklebacks taken during the 
present investigation was generally bigger than in the case of the specimens 
taken from carp hosts in the same infested water. 
Fig. 1 shows the comparative growth of A. foliaceus on carp and stickle- 
back hosts over a period of 6 months. 
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STUDIES ON THE GERM CELL CYCLE OF 
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(With 42 Figures in the Text) 


INTRODUCTION 


Numerovs theories which have been advanced to account for the complicated 
life cycle of digenetic trematodes have been adequately reviewed by Brooks 
(1930) and Cable (1934) and need not be repeated here. The theory, which tends 
to gain ascendancy at present, is that of germinal lineage whereby the germ cells 
persist through successive stages of the life cycle, the cells giving rise to cercarial 
embryos, being therefore direct descendants of the same initial cell of the 
segmenting egg. The foundation of this theory was laid by Leuckart (1879), 
and it has since been supported and modified by other workers, namely, 
Thomas (1883), Schwarze (1886), Dollfus (1919), Kathariner (1920), Brooks 
(1930), Cable (1934), Bennett (1936), and Pin-Dji Chen (1937). The number of 
systematic attempts to trace the germ cells throughout the life cycle has been 
very few, the most complete account being that given by Pin-Dji Chen (1937) 
for Paragonimus kellicotti, where germinal lineage is found without interruption 
in all the developmental stages. 

In the present paper the development of the fertilized egg of Parorchis 
acanthus has been followed from the first cleavage to the fully formed mira- 
cidium so that the origin of the germ cells destined to give rise to the subsequent 
generations in the life history could be traced. Similarly, the development of 
the redia and cercaria has been investigated, the germ cells thus being examined 
in all stages of the life cycle. The differentiation of the adult genitalia from the 
genital primordium of the cercaria completes the description of the germ cycle. 
P. acanthus forms excellent material for study, the eggs undergoing matura- 
tion, fertilization and cleavage in the fore part of the uterus, and developing 
so rapidly that they soon contain a fully formed miracidium which in turn 
contains a single redia. So far as the writer is aware, no other described species 
of distome miracidium has been found to contain a redia though such has been 
reported for some monostomes. 
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MATERIAL AND METHODS 


The material for the study of the different stages in the life cycle of P. 
acanthus was obtained from the two hosts, mature worms from the bursa 
Fabricii and rectum of the herring gull Larus argentatus and young stages from 
the intermediate molluscan host Nucella (Purpura) lapillus. Miracidia, rediae, 
and cercariae were studied alive, from whole mounts and serial sections. 

Live miracidia were obtained by teasing apart adult worms in sea water, 
the miracidia hatch immediately the eggs are liberated and swim actively. 
Most of the anatomy was worked out from living specimens, neutral red being 
used on occasions as an intravital stain. Cell boundaries were demonstrated 
by the silver nitrate technique described by Lynch (1933). Fleming’s and 
Bouin’s fluids were used as fixatives for whole mounts, with Ehrlich’s haema- 
toxylin and borax carmine as stains. For developmental stages, and sections 
of the miracidium the entire worm was fixed in Gilson’s, Fleming’s or Bouin’s 
fluids, sectioned at 5 and stained with Heidenhain’s, Delafield’s or Ehrlich’s 
haematoxylin, and eosin or orange G. 

Live rediae and cercariae in various stages of development were dissected 
from the molluscan host. For sections of these stages portions of the infected 
digestive gland of the snail were fixed and stained by the same methods as those 
applied to the entire worm. 


THE STRUCTURE OF THE MIRACIDIUM 


Shape. The living miracidium is cylindrical, bluntly rounded anteriorly 
and tapering posteriorly. During swimming it adopts a characteristic attitude 
not apparent when the animal is at rest (Fig. 1). The anterior extremity then 
forms a “cephalic” region consisting of the anterior tier of cells and occupying 
about one-fifth of the body length. The body is broadest at the posterior margin 
of this “cephalic” region, behind which it narrows considerably, expanding 
later over the contained redia. Behind the redia the body of the miracidium 
tapers rapidly to a pointed extremity. The redia, in the swimming individual, 
is maintained in position by the contraction of the muscles of the body wall 
before and behind it. When at rest this characteristic appearance is lost 
(Fig. 2), the miracidium then assumes a more uniform outline, being rounded 
in front and tapering gradually behind; the redia retreats to the posterior 
extremity (Fig. 5). The length of the resting miracidium, excluding the cilia, is 
0-02 mm. and its greatest breadth 0-054 mm. It does not seem to be capable 
of such considerable alteration in shape as described by Lynch (1933) for the 
miracidium of Heronimus chelydrae, and by Bennett (1936) for the miracidium 
of Cotylophoron cotylophorum. 

Rostrum or terebratorium. In the miracidium of Parorchis acanthus the 
cuticularized non-ciliated portion at the anterior extremity is a permanent 
papilla and should therefore be called a rostrum (Fig. 1, rs.) rather than a 
terebratorium. It varies slightly in prominence according to the degree of 
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Figs. 1-5. Miracidium of Parorchis acanthus. 
Fig. 1. Swimming attitude, dorsal view. 
Fig. 2. At rest, showing arrangement of epithelial cells and papillae. 
Fig. 3. Diagrammatic end view showing rostrum in centre surrounded by first and second tiers of 
epithelial cells. 
Fig. 4. Longitudinal section showing structure of body wall. 
Fig. 5. General anatomy of mature miracidium. 
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extension or retraction. It has a broad base and slightly tapering apex and is 
lodged in a circular depression at the anterior extremity. Complete protrusion 
does not occur normally, but can be induced by pressure on the cover glass 
(Fig. 9). At the apex is an aperture, the so-called mouth, and on each side, just 
opposite the margin of the circular depression, a lateral aperture, the openings 
of the penetration glands (Fig. 5, p.g.p.). These have in a few cases been found 
to occur much nearer the tip of the rostrum (Fig. 8). Similar pores have been 
observed on the rostrum or terebratorium of other miracidia by Coe (1896), 
Ortmann (1908), Reisinger (1923), Lynch (1933) and Bennett (1936). 

Cilia. The whole surface of the miracidium, excluding the rostrum, is 
covered with closely set longitudinal rows of cilia (Figs. 1, 2, 5). They are of 
uniform length, measuring 0-015 mm., and are all motile. During swimming 
the cilia become arranged in a characteristic manner (Fig. 1). The anterior 
group of cephalic cilia (a.c.c.) is composed of several rows immediately sur- 
rounding the rostrum and directed forwards during locomotion. The posterior 
group of cephalic cilia (p.c.c.) is directed postero-laterally and covers the re- 
mainder of the “cephalic” region. They are separated by a small space from 
the caudal cilia (c.c.) which cover the rest of the body. When the miracidium 
comes to rest the cilia gradually alter their positions. Those of the anterior 
group begin to turn backwards, though the distinction into three groups is still 
apparent (Fig. 2). Later, all the cilia on the “cephalic” region become con- 
fluent but are distinct from the caudal (Fig. 6). As the cilia turn back still 
further a gap appears opposite the rostrum (Fig. 7). The other gap, between 
the cephalic and caudal cilia, is soon lost and the body appears to have a 
uniform continuous covering of cilia all directed backwards (Fig. 5). The for- 
ward direction of the anterior group of cilia has not been observed in any other 
described species of miracidium. 

Around the posterior margin of the first tier of cells is a row of small cilia 
which are very active and which retain their activity after the main body cilia 
have ceased to move (Fig. 1). They seem to have no connexion with locomotion 
but may be concerned with the sense papillae in this region. 

Epithelial cells. The cilia are borne on flattened epithelial cells which cover 
the body with the exception of the rostrum. There are nineteen epithelial cells 
arranged in four tiers which encircle the body. The anterior tier consists of six 
cells, the second of seven, the third of four and the fourth of two. The arrange- 
ment can be expressed in a formula similar to that used by Bennett (1936) as 
6; 7; 4; 2. This number has been found to be constant in all specimens examined. 
No individual variation as was found by Lynch (1933) for the miracidium of 
Heronimus chelydrae has been observed. 

The six cells of the first tier (Figs. 1 and 2, t. 1) cover the “cephalic” region, 
being arranged symmetrically three to the right and three to the left of the 
median sagittal plane. Each measures 0-034 mm. long, and 0-022 mm, wide at 
the base. The posterior margin of each of these cells is indented in the middle 
line so that a triangular area of the subepithelial layer is exposed. 
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The seven cells of the second tier (¢. 2) are rectangular in shape and reach 
to about the middle of the body. They measure 0-063 x 0-011 mm., and are not 
arranged in any particular manner relative to the first tier (Fig. 3); usually two 
complete cells are visible mid-dorsally, and the major portions of two others 
one on either side, the remaining three are situated ventrally. 

The four cells of the third tier (Fig. 2, ¢. 3) are also rectangular. They are 
very slightly shorter than the previous, measuring 0-057 x 0-025 mm. In some 
cases where the contraction is slightly uneven they may appear longer. They 
are broader than the cells of the second tier, there being only four of them. 

The two cells of the last tier (t. 4) are 0-045 mm. long and triangular in 
shape. 

The cells of the last three tiers are of uniform thickness while the cells of 
the first tier are slightly thicker (Fig. 4). 

Bennett (1936) has drawn up a table which shows the number and arrange- 
ment of epithelial cells in the different species of miracidia reported up to 
1936. There seems to be some constancy in the number recorded for miracidia 
belonging to the same family, e.g. two members of the Paramphistomidae have 
twenty, two of the Strigeidae twenty-one, the Fasciolidae, with the exception of 
Fasciola hepatica and Fasciolopsis buski twenty-one, and the three members of 
the Echinostomidae eighteen arranged according to the formula 6; 6; 4; 2. 
Parorchis acanthus also belongs to the Echinostomidae but here the number of 
epithelial cells is nineteen arranged according to the formula 6; 7; 4; 2. The 
only other miracidium so far described with nineteen epithelial cells is that 
of Plagioporus sinitsini by Dobrovolny (1939). This belongs to the Allocreadidae 
but the arrangement is exactly the same as in the present species. Price (1931) 
pointed out that the number of epithelial cells may indicate relationships 
between families and larger groups, but Lynch (1933) and Dobrovolny (1939) 
both express a doubt as to the taxonomic importance of the number and 
arrangement of the epithelial cells. Any definite conclusions can only be 
reached when many more species have been described. 

Sense organs. (a) Eyes. There are two eyes placed close together mid- 
dorsally in the “cephalic” region. Each is a kidney shaped structure and the 
two are so closely applied to one another that they form a single pigmented 
mass (Figs. 1, 5). From the posterior end there projects backwards for a short 
distance a narrow triangle of pigment granules. 

(b) Lateral processes. There are two lateral processes on each side of the body 
situated between the first and second tiers of epithelial cells (Figs. 1-10, J.p.). 
They are narrow unciliated finger-shaped processes, transparent and apparently 
devoid of any internal structure. They measure 0-007 mm. long and 0-002 mm. 
wide, but are capable of considerable extension. These processes have been 
given various names by different authors, such as anterior ducts, anterior 
papillae, mucoid secretion and lateral papillae. Cort (1919), Faust & Meleney 
(1924) and Stunkard (1923) have stated that substances were extruded from 
them in the species which they examined, but Sewell (1922), Price (1931) 
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and Bennett (1936) have found no openings and no extrusion of material from 
such structures even under pressure. The same is true of the miracidium of 
Parorchis acanthus. There seems little doubt that these structures are sensory. 
Reisinger (1923) found them to be supplied with nerves in the case of Schisto- 
soma haematobium, as did Lynch (1933) in Heronimus chelydrae and Bennett 
(1936) in Cotylophoron cotylophorum. In Parorchis acanthus also, nerves run 
from the brain to the lateral processes so that here again they are sensory, and 
in addition they play a part in the liberation of the miracidium from the egg. 
This will be referred to later. 

(c) Anterior sense papillae. In addition to the lateral processes, there is, 
in the region between the first and second tier of cells a circle of twenty-four 
small papillae (Figs. 1-3, a.p.). A single papilla occurs opposite the middle of 
each epithelial cell of the first tier, in the triangular space created by the 
indentation of the posterior margin, and a group of three papillae is present in 
each triangular space opposite the junction between the six constituent cells of 
the first tier. The papillae are capable of slight variation in length; they have 
not been found to possess any internal structure or any openings. They are 
probably sense organs similar to the pores described by Price (1931) and 
Lynch (1933). Price found sensory neurones connecting them to the brain in 
Schistosoma douthitti but no such cells or fibres could be traced in the present 
species. 

(d) Posterior sense papillae. Between the epithelial cells of the third and 
fourth tiers there is another circle of about twenty-four small papillae (Fig. 1, 
p-p.). These appear as a single row of very small projections, apparent only at 
times. They, too, are probably sensory in nature. 

Subepithelial layer. The subepithelial layer (Figs. 4, 5, 12, s.ep.) is composed 
of cells, the boundaries of which are not easy to distinguish, and there may be 
more than one nucleus to each apparent cell. The papillae and lateral processes 
are projections of this layer which emerge between the epithelial cells and are 
covered by a delicate cuticle. 

Muscular layer. The muscular layer is not very strongly developed. It 
consists of circular and longitudinal fibres which are situated between the 
epithelial cells and the subepithelial layer, the circular fibres on the outside 
(Figs. 4, 5, c.m.). The circular muscles can be seen in living specimens as 
extremely delicate parallel lines set closely together, and can also be seen in 
optical section. The longitudinal fibres are more delicate. The musculature is 
best developed at the anterior end where it serves to protrude and retract the 
rostrum. 

Apical gland. The apical gland, called by some authors the primitive gut, 
intestine or rudimentary digestive tract, is a mushroom-shaped structure 
measuring 0-0137 mm. in its greatest diameter. The stem of the mushroom runs 
forwards to open by an aperture, the so-called mouth at the apex of the rostrum 
(Figs. 1 and 5, m.). The gland is filled with coarsely granular contents except for 
the duct which is clear. The miracidium has not been observed to use this organ 
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for feeding, and its general structure seems to indicate that it is a gland rather 
than a primitive digestive tract. Some authors, e.g. Thomas (1883), Looss 
(1892), Coe (1896), Ortmann (1908), Faust & Meleney (1924), Sinitsin (1931) 
and others, have considered this structure to be a rudimentary gut, but the 
present tendency evidenced by the work of Reisinger (1923), Manter (1926), 
Price (1931), Lynch (1933) and Bennett (1936), is to interpret it as a gland 
which probably functions in conjunction with the penetration glands. 

Penetration glands. There are two penetration gland cells sometimes called 
cephalic, salivary or secretion glands, situated side by side anteriorly in the 
mid-ventral line. They extend from the base of the rostrum, below the brain, 
to about one-third of the way between the eyes and the anterior extremity of 
the redia (Fig. 5, p.g.). Each gland consists of a single flask-shaped cell, which 
opens on each lateral margin near the base of the rostrum. The contents are 
clear and non-granular with a single nucleus. Droplets of a secretion can some- 
times be seen emerging from the apertures (Fig. 8, s.) which probably functions 
in facilitating the entry of the miracidium into its molluscan host. 

Excretory system. The excretory system consists of two flame cells and their 
ducts. The flame cells (Fig. 5, f.c.) are situated one on either side in the anterior 
half of the body. Each measures about 0-011 mm. long and has its apex directed 
slightly inwards. The excretory tubule (ez.t.) arises from the apex of the flame 
cell and passes backwards and towards the middle line where it almost touches 
its partner of the opposite side. Each duct then turns outwards and opens by 
an excretory pore situated laterally between the epithelial cells of the third 
tier. The tubules increase gradually in diameter and each dilates to form a small 
vesicle before opening to the exterior. The excretory pores in the miracidium 
of Parorchis acanthus seem to be unusually far forwards; in the majority of 
other described miracidia they are situated near the posterior end. This forward 
position may be due to the fact that the posterior half of the body is occupied 
almost completely by the redia. 

Nervous system. The nervous system consists of a brain or cerebral ganglion, 
nerves and nerve cells. The brain is situated dorsally, mainly in the first tier 
of epithelial cells, but partly in the second and a short distance behind the 
apical gland (Fig. 5, br.). It is quadrangular in shape when viewed from above 
and in transverse section is bilobed (Fig. 12), and is surrounded by a mass of 
nerve cells with distinct nuclei. Situated just above the brain and connected 
with it are the eyes. They are not actually on the surface of the body. Three very 
delicate nerves arise from the brain on each side (Fig. 5, n.1,2,3). The anterior 
nerves arise from each anterior “corner” and run forwards beside the penetra- 
tion gland ducts; their precise terminations in the rostrum could not be 
ascertained. From each lateral margin of the brain arises a nerve which supplies 
the lateral processes, indicating that these organs must be of a sensory nature. 
Posteriorly on each side arises a nerve which could not be traced far; probably 
these supply the posterior sense papillae and the posterior region of the body 
generally. 
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A central nerve mass surrounded by nuclei has been observed by various 
authors in other miracidia. Looss (1896) has described it for Gastrothylax 
gregarius, Gastrodiscus aegyptiacus and Paramphistomum cervi, Krull & Price 
(1932) for Diplodiscus temperatus, Reisinger (1923) for Schistosoma haematobium, 
Lynch (1933) for Heronimus chelydrae and Bennett (1936) for Cotylophoron 
cotylophorum. 

Contained redia. In the posterior half of the miracidium is a cavity in which 
lies a fully developed young redia (Fig. 5, r.). When removed from the mira- 
cidium it is seen to be a small cylindrical body rounded anteriorly, tapering 
posteriorly (Fig. 13) and measuring 0-175 x 0-028 mm. At the anterior ex- 
tremity is the mouth which leads into a well-developed muscular pharynx 
followed by a small club-shaped intestine. The body wall consists of a layer of 
deep cells which tend to overlap in places, giving the appearance of a many- 
layered wall. Within the cavity of the redia are germ cells and germ balls in 
various stages of development. The birth pore is apparent as a depression on the 
surface a short distance behind the anterior extremity, but as yet it has no 
communication with the central cavity. 

The presence of a redia within the miracidium was observed by Linton 
(1914) in Parorchis avitus, which is probably synonymous with P. acanthus. 
Linton gave no description of the miracidium or of the redia. 

Hatching. Hatching of the eggs and liberation of the miracidia take place 
immediately the eggs leave the parent and sometimes even before, free mira- 
cidia being frequently found swimming among the eggs in the terminal portion 
of the uterus. The hatching process can be observed in eggs removed from the 
uterus and placed in sea water on a slide. Ripe eggs are considerably larger than 
those in which the miracidium is freely formed, measuring 0-13 x 0-068 mm., 
while the young ones measure 0-09 x 0-035 mm. This increase in size is due 
possibly to the growth of the embryo and to the accumulation of secretory 
and excretory products. A similar stretching of the shell has been observed by 
Faust & Meleney (1924) for Schistosoma japonicum and by Lynch (1933) for 
Heronimus chelydrae. The egg is provided at one end with an operculum. When 
about to emerge the miracidium straightens itself, becomes shorter and broader 
and lies with its anterior end facing the operculum; the lateral processes then 
become applied to the shell just behind the operculum so that the miracidium 
is firmly wedged in position (Fig. 10). The “cephalic” region then expands 
and contracts and the rostrum is thrust repeatedly against the operculum. The 
miracidium does not rotate in the egg, though all the cilia are active. In 
a few seconds the operculum is pushed suddenly away and the miracidium 
immediately swims out. 

After hatching the miracidia are extremely active, swimming in a straight 
line. The rapid swimming is maintained for 12-14 hr. after emergence. If an 
intermediate host is not found during this time, the miracidium sinks to the 
bottom and after about 17 hr. becomes motionless. It is probably capable of 
penetration only during the first 12 hr., and this is the maximum time for 
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Figs. 6-13. Miracidium of Parorchis acanthus. 
Figs. 6, 7. Arrangement of cilia on cessation of swimming. 
Fig. 8. Specimen showing unusually far forward position of penetration gland apertures. 
Fig. 9. Complete protrusion of rostrum under pressure. 
Fig. 10. Position of miracidium in egg shell immediately before hatching. 
Fig. 11. Hatching of miracidium. 
Fig. 12. Transverse section through mature miracidium in region of brain. 
Fig. 13. First generation redia removed from miracidium. 
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which a pool on the shore would be exposed. The immediate hatching of the 
egg, too, will enhance the possibility of an intermediate host being reached in 
the shortest possible time. 


THE DEVELOPMENT OF THE MIRACIDIUM AND FIRST GENERATION REDIA 


In very few trematodes has the development of the miracidium been de- 
scribed and the descriptions which exist are in many cases far from complete. 
The most detailed studies are those of Thomas (1883) on Fasciola hepatica, 
Looss (1892) on Diplodiscus subclavatus, Looss (1896) on Gastrothylax gregarius, 
Gastrodiscus aegyptiacus ang Paramphistomum cervi, Ortmann (1908) on 
Fasciola hepatica, Johnson (1920) on Echinostomum revolutum, Ishii (1934) on 
Fasciolopsis buski, Bennett (1936) on Cotylophoron cotylophorum and Pin-Dji 
Chen (1937) on Paragonimus kellicotti. Most of these workers made their 
studies from living material only. Ortmann, Ishii and Pin-Dji Chen have used 
sectioned material also. In all eases there seems to be a certain amount of 
similarity in development. 

In Parorchis acanthus, after maturation and fertilization (Rees, 1939), the 
first cleavage of the fertilized egg results in the formation of two cells (Fig. 14), 
that nearer the end of the egg may be called the “propagatory cell” (p.c.) as 
it is destined to give rise to the germ cells in the successive stages, and the 
other the “ectodermal cell” (e.c.), both terms used by Ishii (1934). The ecto- 
dermal cell is slightly larger than the propagatory cell and has a denser nucleus. 
A similar unequal cleavage in the early stages in various trematodes has been 
noted before by Ortmann (1908), Ishii (1934), Bennett (1936), and Pin-Dji 
Chen (1937). Thomas (1883) does not describe cleavage in Fasciola hepatica 
but his figures show that it results in cells of the same size. 

The second cleavage concerns only the larger cell which divides into two. 
One of these again divides rapidly, resulting in a four-cell stage (Fig. 15). These 
are the propagatory cell (p.c.) as yet unchanged, one cell slightly smaller with 
an irregular nucleolus (B.), and two small cells with regular nucleoli (b.). These 
three latter cells will give rise to most of the soma of the miracidium. A similar 
four-cell stage has been observed by Bennett (1936) in the development of the 
miracidium of Cotylophoron cotylophorum. The cell boundaries remain distinct 
at this stage and the developing embryo begins to encroach on the mass of 
yolk cells. With further divisions cells B. and 6. multiply rapidly to form an oval 
cell mass with indistinct cell boundaries; the cells resulting from the division of 
B. become smaller owing to rapid cleavage without intervenir; growth so that 
there is more uniformity in size between the derivatives of cells B. and b. The 
nucleoli, however, are still distinct (Fig. 16). Some of thesmall cells derived from 
cells 6b. now separate away from the embryo and arrange themselves on the 
inside of the shell to form the vitelline membrane (Fig. 17). A similar formation 
of a vitelline membrane has been observed by Ortmann (1908), Ishii (1934) 
and Pin-Dji Chen (1937). The propagatory cell then divides (Fig. 18), one of the 
daughter cells retains the characters of the parent and the other goes to form 
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Figs. 14-22. 
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part of the soma of the miracidium. The full chromosome number of twenty- 
two is present in these cells, there being no reduction division. The division of 
the propagatory cell is repeated though exactly how many times is impossible 
to determine. The growth between successive divisions is slow so that the 
propagatory or germ cell becomes smaller but retains the same structure and 
appearance as before (Fig. 19, p.c.). The embryo increases in size by the division 
of the somatic cells and encroaches still further into the yolk. A small cavity 
appears near the hinder end and into it moves the germ cell. This germ cell 
behaves as did the propagatory cell at the first cleavage, giving off cells which 
will form the soma of the redia. The same types are recognizable, namely cells 
B. and 6. and their derivatives, and the young redia soon consists of an oval mass 
of cells which are at present larger than the cells of the miracidium (Fig. 20). 
The germ cell divides into two, both of which remain germinal. 
Differentiation of the miracidium now takes place. It increases in size and 
at the periphery a layer of cells becomes arranged which forms the ciliated 
epithelium (Fig. 22). A mass of cells near the anterior end will give rise to the 
brain and eye spots (Fig. 21, br.), which are developed early, before the rostrum 
and apical gland. Two strands of cells uniting in the middle line just anterior 
to the redia indicate the position of the future excretory tubules (Fig. 22, ez.t.). 
The redia is slower in its differentiation but is fully formed by the time the 
miracidium is ready to be hatched (Figs. 5, 13). As the miracidium increases 
in size the redial embryo enlarges, the somatic cells give rise to the surface 
layer, pharynx and intestine and the germ cells multiply until there is a group 
of up to a dozen or so isolated cells in the posterior end of the redia (Figs. 23, 
24, 9.c.). Some of these begin to segment even before the miracidium is liberated. 
The germ cells inside the redia and those of the miracidium which gave rise to 
it can thus be traced back to the first cleavage of the egg. A similar observation 
has been made by several other investigators. Leuckart (1882) and 
Schauinsland (1883) have noted the segregation of the germ cells; Goldschmidt 
(1905), in Zoogonus mirus, describes the germ cells as arising from a large cell— 
the “ Entodermzelle””—in the centre of the embryo. Kathariner (1904) observed 
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Legends to Figs. 14-22 


Figs. 14-22. Development of miracidium of Parorchis acanthus. 


Fig. 14. First cleavage of fertilized ovum showing propagatory cell and ectodermal cell, the latter 
beginning to divide. 

Fig. 15. Third cleavage of fertilized ovum resulting in four-cell stage, propagatory cell still un- 
changed. 

Fig. 16. Young embryo. 

Fig. 17. Young embryo, showing cells separating from the main group to form a vitelline membrane. 

Fig. 18. Propagatory cell in process of division. 

Fig. 19. Propagatory cell after division. 

Fig. 20. Embryo miracidium containing embryo redia developed from propagatory cell and in 
turn containing germ cells. 

Figs. 21, 22. Stages in differentiation of miracidium. 
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something similar for Gyrodactylus elegans, Ishii (1934) for Fasciolopsis buski 
and Pin-Dji Chen (1937) for Paragonimus kellicotti. In none of these, however, is 
the redia developed within the miracidium which instead contains germ cells 
or germ balls in early stages of segmentation. 

During the development of the miracidium the yolk cells gradually break 
down and disappear, the yolk being absorbed by the developing embryo. 
Possibly the movements of the cilia help in the later stages of their dis- 
integration. 

The eggs hatch either in the uterus of the parent or in the rectum of the 
host, or some of them may be deposited in rock pools before they hatch. The 
liberated miracidia penetrate the tissues of the intermediate molluscan host 
Nucella (Purpura) lapillus, and proceed to the next stage of their development. 


THE DEVELOPMENT OF THE SECOND GENERATION REDIA 


Young rediae of the first generation are found near the surface of the 
digestive gland of Nwcella lapillus just under the tunica propria on the outside 
of the spire. This seems to indicate that the miracidium enters the shell 
aperture and makes its way up between the shell and the body of the enclosed 
animal. The miracidium probably penetrates the tunica propria by means of 
its rostrum and penetration glands and then liberates the redia by decomposi- 
tion of itself. No remains of the miracidium have been found inside or outside 
the body of the snail host. The first generation rediae remain near the surface 
of the digestive gland and do not increase greatly in size. When removed they 
exhibit considerable activity, being capable of much expansion and contrac- 
tion (Figs. 28, 29). Procuscula are now prominent so that the redia is evidently 
expable of a certain amount of migration among the follicles of the digestive 
gland. The body wall, as already mentioned, consists of a layer of deep cells 
(Fig. 25), the cavity of the redia is relatively small and is traversed by strands 
of connective tissue. The intestine is small and narrow and connected to the 
body wall; it has not been observed to contain food material in the early 
stages. The redia when first formed inside the miracidium contains up to a 
dozen germ cells and these develop into germ balls and finally into daughter 
or second generation rediae which will be liberated through the birth pore to 
continue the infection of the digestive gland. Some of the germ cells begin 
their development before the redia leaves the miracidium, others remain as 
they are so that the germ balls are not all in the same stage of development. 

The early divisions of the germ cells are similar to the corresponding stages 
found in the embryo of the miracidium. Successive cleavage results in the. 
formation of a germ ball (Fig. 26) consisting of a single large propagatory cell 
(p.c.), several small cells with regular nucleoli and several of intermediate size 
with irregular nucleoli. The two latter types of cells continue to divide, giving 
rise to an oval embryo. Whether the germ cell contributes to the soma of the 
redia is difficult to tell; very probably it does as it decreases in size. Before 
differentiation of the daughter redia takes place the germ cell divides two or 
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Figs. 23-31. Development of redial generations of Parorchis acanthus. 


Figs. 23, 24. Transverse sections of miracidium showing first generation redia with germ cells. 
Fig. 25. First generation redia from digestive gland of Nucella lapillus. 

Fig. 26. Early stage in development of second generation redia showing propagatory cell. 
Fig. 27. Later stage showing propagatory cell dividing into germ cells. 

Fig. 28. First generation redia contracted. 

Fig. 29. Same specimen expanded. 

Fig. 30. Embryo of second generation redia with group of germ cells posteriorly. 

Fig. 31. Second generation redia containing cercarial embryos. 
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three times so that a group of germ cells is apparent near the posterior end 
(Fig. 30, g.c.). There is no reduction division and no formation of polar bodies 
during the growth of the embryo. About twenty or more daughter rediae are 
developed inside the parent, and the germ cells contained in them are direct 
descendants of the original propagatory cell formed during the first cleavage 
of the fertilized egg. 

The origin and development of the germ cells giving rise to the redia have 
been commented on by various writers. Thomas (1883) states that in Fasciola 
hepatica the redia develops from germ cells already present in the embryo and 
that additional germ cells come from the body wall. This latter statement does 
not apply to Parorchis.acanthus. The antecedent germ cells described by Brooks 
(1930) in the body cavity of sporocyst and redia correspond to the fully formed 
germ cells of P. acanthus, but Brooks has not traced these cells back to the 
propagatory cell, neither has Cable (1934) tor Cryptocotyle lingua. The dissocia- 
tion of germ masses to form antecedent germ cells observed by Brooks does not 
occur in the present species where, as in Paragonimus kellicottt, the germ cell 
develops directly into an embryo instead of into a germ mass. 

The daughter rediae gradually differentiate and escape through the birth 
pore into the digestive gland of the host. They grow rapidly and are very much 
larger than the parent rediae. The contained germ cells divide repeatedly until 
the body cavity contains a large number (Fig. 31). 


THE DEVELOPMENT OF THE CERCARIA 


Daughter rediae have not been found to produce another generation of 
rediae, but give rise only to cercariae. The large number of rediae present is 
probably due to the fact that infection in the first instance is multiple. 

The germ cells in the body cavity of the second generation redia give rise to 
cercarial embryos. The development of the germ cell and its cleavage to form a 
germ ball is essentially the same as in the redial generations. The propagatory 
cell is present throughout (Fig. 32, p.c.). As the embryo enlarges the propa- 
gatory cell divides into two or four germ cells (Fig. 33, g.c.) and as differentia- 
tion of the embryo takes place the germ cells divide rapidly to form a mass of 
small darkly staining cells, the genital primordium, dorsal to the ventral 
sucker (Fig. 34). During this time the tail and ventral sucker begin to form. 


DIFFERENTIATION OF THE GENITALIA 


The germ cell mass elongates, passing dorsally to the ventral sucker and 
becomes hour-glass in shape (Fig. 35). The anterior mass of cells will give rise 
to the cirrus sac, metraterm and part of the uterus; the connecting portion 
between the two masses consists of the developing vas deferens and uterus, and 
the posterior mass of cells to the ovary, testes and vitellaria. The rudiments of 
the vitellaria grow out laterally from the posterior cell mass and arrange 
themselves as a string of cells along each intestinal limb (Figs. 37, 39, vit.). 
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Figs. 32-42. Development of cercaria of Parorchis acanthus. 


Fig. 32. Early stage in development of cercaria showing propagatory cell. 

Fig. 33. Cercarial embryo showing propagatory cell divided into two germ cells. 

Fig. 34. Longitudinal section, young cercaria, showing development of genital primordium and 
ventral sucker. 

Figs. 35-39. Longitudinal sections showing stages in development of genitalia from genital 
primordium. 

Fig. 40. Genitalia of cercaria, ventral view. 

Fig. 41. Nervous system, dorsal view. 

Fig. 42. Transverse section through region of brain. 
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The testes appear as ventral outgrowths from the posterior germ mass near the 
origin of the vitellaria. One testis is to the right and the other to the left of the 
middle line (Figs. 38, 40, ts.), and as they move away they retain their con- 
nexions with the main cell mass by strands which later becomes the vasa 
efferentia (Fig. 40, v.ef.). The ovary is anterior to the testes and in the middle 
line; it develops a little later than the testes (Figs. 38, 40, ov.). The rudiment of 
Laurer’s canal appears at the time when the testes are being formed as a 
strand of cells running postero-dorsally from the posterior portion of the 
genital primordium to the dorsal body wall (Fig. 38, l.c.). 

In the meantime the anterior cell mass is differentiating; one of the rudi- 
ments evolves into a compact mass of cells which later forms the cirrus sac (c.s.), 
the other gradually becomes transformed into the metraterm (mt.) and uterus 
(Figs. 37-40). An indentation appears on the ventral surface of the body just 
in front of the ventral sucker where the genital atrium will develop later 
(Fig. 39, g.ap.). 

During the development of the genitalia the remainder of the organs of the 
cercaria have been differentiating and the two suckers take on their characteris- 
tic form. The ventral sucker frequently adheres to a developing embryo; it may 
be a small embryo, in which case it will pass right into the cavity of the sucker 
(Fig. 36), or a portion of a larger one may be drawn into the cavity of the sucker 
(Fig. 37). The fate of such embryos could not be determined, probably their 
development is arrested. The cystogenous gland cells (cyst.) appear early on the 
ventral side, as also do the penetration glands (p.g.) and the mucous glands 
(m.gl.) (Figs. 36-39, 42). The dorsal batonnet cells are later in their develop- 
ment. The excretory bladder at the root of the tail is preceded by a mass of 
cells in which appears a cavity. The nervous system in the cercaria consists of 
a well-defined bilobed brain and two lateral nerve cords running back to 
behind the level of the ventral sucker (Figs. 41, 42, br.). Three anteriorly 
directed nerves arise on each side of the brain which supply the anterior 
extremity. The whole of the nervous system is at this time surrovrted by a 
mass of small deeply staining nuclei (Figs. 41, 42, .c.) similar to tucse in the 
miracidium. 

A full description of the anatomy of the cercaria has already been given 
(Rees, 1937). 


Discussion 


From the foregoing account it can be seen that the theory of germinal 
lineage with polyembryony can be applied to Parorchis acanthus. The germ 
plasm is segregated into the propagatory cell at the first cleavage of the 
fertilized egg, and when the differentiation of the miracidium takes place the 
propagatory cell gives rise to the germ cell. This germ cell in turn develops 
into the embryo of the first generation redia in which the germ plasm is 
segregated, as in the preceding generation, into a propagatory cell which later 
divides to form germ cells which will give rise to second generation rediae. In 
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the cercaria or larva of the adult, after segregation, the germ cells multiply to 
form the genital primordium from which are differentiated the genital organs 
and germ cells of the adult worm. These latter will finally undergo maturation 
to form ceva and spermatozoa (Rees, 1939). 

The only other complete account of germinal lineage is that by Pin-Dji 
Chen (1937) for Paragonimus kellicotti, where germinal lineage has been found 
without interruption through all the larval stages. 

Brooks (1930) only studied the sporocyst and redia stages, and his specimens 
were probably too old for the study of the early germ cells. According to 
Brooks the germ cells undergo precocious cleavage to form germ masses which 
later dissociate to form antecedent germ cells. Such was not found to be the 
case in Parorchis acanthus. 

Cable (1934), too, only studied germinal development in the redia and found 
that germinal lineage occurs with certainty in the redia and probably also in 
the sporocyst since it is still nearer the fertilized egg. 

The germ cell cycle in P. acanthus resembles in many respects that de- 
scribed by Pin-Dji Chen (1937) where the germ cells develop without the forma- 
tion of germ masses or any maturation phenomena directly into embryos in 
which the germ plasm is segregated in each stage. It differs in that the sporo- 
cyst is not represented in the life cycle of P. acanthus where a single redia is 
formed in each miracidium from a single germ cell developed directly from the 
propagatory cell. The miracidium does not become a sporocyst but disinte- 
grates once it has performed its function of penetrating the intermediate 
molluscan host and depositing the redia there. The absence of the sporocyst 
may be a part of the “speeding up” which seems to exist in the life cycle of 
this species. 
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SUMMARY 


1. The anatomy of the adult miracidium of Parorchis acanthus is described. 

2. Development of the miracidium and of the succeeding larval stages has 
been followed. 

3. Cleavage of the fertilized egg gives rise to an ectodermal and a pro- 
pagatory cell. The former gives rise to the soma, and the latter, after contri- 
buting a few small cells to the body of the miracidium, becomes the germ cell. 

4. This germ cell develops in the same way into the first generation redia 
while still in the body of the miracidium. 

5. The fully formed miracidium contains a single fully formed redia when 
it penetrates the intermediate molluscan host. 

6. In the intermediate host the miracidium disintegrates and second 
generation rediae are formed from the germ cells in the body cavity of the 
parent redia. 

7. The germ cells in the body cavity of the daughter redia give rise to 
cercariae by a similar process of embryonic development to that found in 
preceding generations. 
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The germ cells in the cercariae become differentiated into the adult 


genitalia. 


9. 
from 


No evidence has been found to show that rediae or cercariae are derived 
cells in the wall of the redia. 


10. No ovary, maturation process, parthenogenesis, or fertilization takes 


place 


in any of the larval stages, but germinal lineage is apparent throughout 


the life cycle. 


G.C.C. 
a.g. 
a.p. 
B., 6. 


b.w. 
CL. 
c.m. 
Cf. 
C.8. 


cyst. 
€.c. 
ex.p. 
ex.t. 
fic. 
g.ap. 


g.c. 
g-p. 
int. 
l.c. 

L.p. 


m.gl. 





Key to lettering of figures 


Anterior cephalic cilia mr. Miracidium 
Apical gland mt. Metraterm 
Anterior sense papillae n.1,2,3 Nerves 
Cells of embryo, derived from ectodermal cell n.c. Nerve cell 
Brain oe. Oesophagus 
Birth pore op. Operculum of shell 
Body wall ov. Ovary 
Caudal cilia p.c. Propagatory cell 
Circular muscles p.c.c. Posterior cephalic cilia 
Cephalic region pg. Penetration gland 
Cirrus sac P-g-P- Penetration gland pore 
Connective tissue : p-p. Posterior sense papillae 
Cystogenous glands ph. Pharynx 
Ectodermal cell r. Redia 
Excretory pore " r8. Rostrum 
Excretory tubule 8. Secretory globule 
Flame cell 8.ep. Subepithelium 
Genital atrium t. 14 Epithelial cells of 1st—4th cells 
Germ ball te. Testis 
Germ cell ut. Uterus 
Genital primordium v.ef. Vas efferens 
Intestine v.def. Vas deferens 
Laurer’s canal v.8. Ventral sucker 
Lateral process v.m. Vitelline membrane 
Mouth vit. Vitellaria 
Mucous glands y. Yolk 
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INTRODUCTION 


From 1931 to the middle of 1936 we occasionally examined the gut contents 
of the centipede Cormocephalus dentipes, procured from Calcutta and its 
suburbs. In the intestine we have often found a coccidium belonging to the 
genus Adelina. Species of Adelina are on record from arthropod and annelid 
hosts; but since Schellack (1913) described in detail the life history of A. dimi- 
diata from Scolopendra cingulata, no account of any other species from a 
myriapod has been given. 

The genus Adelina was created by Hesse (1911) for a coccidium which he 
found in the coelomic cavity of an oligochaete, Slavina appendiculata. This 
coccidium resembled in many respects the organism known as Adelea ovata 
Schneid. from Lithobius forficatus. But Hesse decided that the differences were 
sufficiently fundamental to warrant his making a new genus, Adelina: and in 
this genus he not only placed the coccidium from Slavina appendiculata, but 
also transferred to it seven species hitherto regarded as species of Adelea. 
He considered that A. ovaia stood by itself as the solitary representative of 

1 The organism now known as Adelina dimidiata (Schneid.) was first seen by Aimé Schneider 
in 1885 in Scolopendra morsitans, and later, according to Wenyon (1926) was rediscovered by 
Balbiani in 1889. Léger (1897) studied it in S. subspinipes, and, with Duboscq (1902), described 
an allied form, Adelina dimidiata coccidioides from Scolopendra oraniensis lusitanica: Schellack 
(1913), however, believes this variety to be identical with Adelina dimidiata. 
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that genus. His chief reasons for making this rearrangement were that 
A. ovata has an elongate-ovoid, thin-walled polysporocystid oocyst and disk- 
like sporocysts, whereas in the other species the oocyst is spherical, has a 
very rigid wall and contains a relatively small number of perfectly spherical 
sporocysts. 

Among the species placed by Hesse in the genus Adelina was A. dimidiata 
(Schneid.), which has been recorded from the intestine of three species of 
Scolopendra.1_ While the coccidium from Cormocephalus dentipes resembles 
Adelina dimidiaia in many respects, we feel justified in placing it in a new 
species, which we have named in honour of Schellack. The main differences 
are as follows: (1) there are certainly two types of schizogony, leading to male 
and female gametocytes respectively (Schellack maintains that in A. dimidiata 
there is no such differentiation); (2) the merozoites are formed without leaving 
any residuum (in A. dimidiata there may be a residuum); (3) the female 
parasite shows a micropyle; (4) the size and shape of the oocyst is very con- 
stant (in A. dimidiata the size of the oocyst is very variable); (5) there are 
always eight sporocysts (the number of sporocysts in A. dimidiata varies 
between three and seventeen or sometimes more). 


II. MATERIAL AND METHODS 


During the months of May, June and July, specimens of Cormocephalus 
dentipes were collected from under debris of decaying leaves, old stones and 
bricks in some shady place. They were kept in petri dishes floored with 
moistened blotting paper. The faeces were examined from time to time. 
Samples showing oocysts, whether segmented or unsegmented, were at once 
transferred to the moist chamber for further study. Oocysts of this coccidium 
would not mature in 1% aqueous chromic acid solution. 

In all, fifty centipedes were examined, of which ten were found to be 
infected. After observations had been made on the living organism mounted 
in saline solution, smears were fixed in Schaudinn’s fluid and in Bouin- 
Duboscq-Brasil’s fluid. Portions of the infected intestine were fixed in the 
latter medium and cut in sections 6yu thick. Smears were stained either with 
Delafield’s haematoxylin or with Heidenhain’s iron-haematoxylin: sections 
were stained by the latter method only. 


III. DescrIPTION OF THE PARASITE (PI. V) 
A. Schizogony 

We could not ascertain whether more than one generation of macro- and 
micromerozoites is developed: the abundance of schizonts suggests that 
this is probable. 

In this species of Adelina two types of schizogony undoubtedly occur: 

(i) Macroschizogony. The macroschizonts, which are oval or circular in 
outline, penetrate to the base of the epithelial cells and then beyond these. 
1 See note on p. 392. 
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Here they are enclosed within a cavity the walls of which are perhaps secreted 
by the basement membrane of the gut wall (Fig. 1). Before the nucleus 
divides, its membrane disappears, and the chromatin material is arranged in 
a complicated network (Fig. 2). We have not seen early stages of mitosis in 
our preparations; but in one section, which showed a nucleus at telophase, 
four chromosomes could easily be counted at each pole (Fig. 3). We could not 
discover the fate of the karyosome in this particular case: possibly it is 
concerned with formation of the spindle, which stains very intensely: certainly 
it reappears at later stages when the definitive nuclei of the merozoites have 
been formed (Fig. 4). We have not seen centrosomes: an achromatic area 
shows clearly at each pole of the spindle. Large numbers of macromerozoites 
are formed: one schizont may give rise to as many as a hundred. No residual 
cytoplasm remained after cleavage into merozoites. 

The macromerozoites measure 10-13 x 2-3. One end is more pointed 
than the other (Fig. 5). The cytoplasm is denser than in the micromerozoites: 
the nucleus shows a very definite small karyosome in the centre. 

(ii) Microschizogony. The microschizonts do not pass to the base of the 
epithelium, but remain in the middle of the cells or close to the gut lumen. 
The thick, darkly staining envelope, so characteristic of the macroschizont, 
is not developed. Also in contrast to the macroschizont, the microschizont 

‘produces a small number of merozoites—rarely more than sixteen. There is 
no cytoplasmic residuum. 

The cytoplasm of the micromerozoite is more hyaline and tenuous than 
that of the macromerozoite, and when later a karyosome can be detected, it 
is a very minute dot and excentric (Figs. 7, 7a). 


B. Sporogony 

The macromerozoites develop into macrogametocytes, the micromerozoites 
into microgametocytes. 

(i) Macrogametocyte and macrogamete. A macrogametocyte, still measuring 
only 15x3y, can be distinguished from a microgametocyte of the same size 
by the presence of a “micropyle” at its broader end (Fig. 8). As it grows, its 
cytoplasm becomes markedly alveolar and soon shows formation of darkly 
staining granules of reserve material. After some time, its narrower end is 
drawn out into a hyaline finger-like process, as in Adelina dimidiata. When 
fully grown, the female parasite measures 35 x 16: its finger-like process is 
greatly reduced, and it can now be called a macrogamete. 

(ii) Microgametocyte and microgametes. A microgametocyte measuring 
15 x 3 has finely granular cytoplasm and no micropyle: a minute karyosome 
may or may not be present in the nucleus. Like the female, it shows for a time 
a hyaline, finger-like process. When full grown, the microgametocyte has 
assumed a conical or elliptical shape and measures 12-14x6-8y. Four 
(rarely six) comma-shaped microgametes, measuring 2-3 x 1-5 develop on 


its periphery. 
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(iii) Syzygy and spore formation. Syzygy occurs at a very early stage 
(Fig. 9). After the association has been well established and the finger-like 
processes of both greatly reduced, the pair become invested in a common 
membrane (Fig. 10). 

Before fertilization, the nucleus of the macrogamete travels towards the 
micropylar pole, i.e. to that opposite the microgametocyte. Microgametes 
have often been detected on their passage down to the micropylar end 
(Fig. 11), but we have not observed the act of fertilization. In Fig. 12 is 
shown what we consider to be the condition immediately after fertilization: 
the oocyst has been formed, two microgametes lie outside it, and the others 
are degenerating on the microgametocyte. Oocysts in this condition were 
often found in, the centipede’s faeces, and, when kept in the moist chamber, 
they completed their development within 10-15 days. 

Schellack does not describe the fate of the common investing membrane.! 
We have found that, after two or three days in the moist chamber, it 
and the remains of the male parasite are shed and ultimately degenerate 
(Fig. 13). This leaves the oocyst free. The oocystic membrane is about 
2u thick. 

The oocyst of A. schellacki is always egg-shaped and measure 30-35 x 20- 
25. According to Hesse (1911), the oocyst of Adelina is spherical. We would 
point out that the shape in any particular species probably depends not a little 
on the site of formation. In the coelomic species, such as A. octospora, the 
oocysts are not subjected to the lateral pressure that must be exerted on those 
belonging to species, such as A. schellacki, that develop within the columnar 
epithelium of the intestine. 

The number of sporoblasts in our coccidium is always eight per oocyst, 
as in A. octospora Hesse. There is no oocystic residuum. In A. dimidiata, 
according to Schellack, the number of sporoblasts is very variable and the 
final size of the oocyst depends thereon. 

Sporoblasts, when first formed, are oval and measure about 15x 10yu 
(Fig. 14). The completed sporocyst, however, is spherical and has a diameter 
of 15-184. The two curved sporozoites lie in the spore with their concave 
surfaces facing one another (Fig. 15): there is no sporocystic residue. When 
slight pressure was applied to the ripe oocyst, the spores were often seen to 
escape through the more pointed end. 


IV. Dracnosts 


Coccrpmpa: Adeleidae: Adelina. 

Adelina schellacki n.sp. Oocyst ovoid, 30-35 x 20-25u, and without 
residuum. Eight spherical dizoic sporocysts, 15-18, without residuum. 
Two types of schizogony: the products of macroschizogony are numerous 


? Sautet (1930) also refers to a thick outer wall round the oocyst of A. tenebrionis, but does 
not say what happens to it. 
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(ultimately macrogametocytes), those of microschizogony (ultimately micro- 
gametocytes) are rarely more than sixteen: no residuum. 

Habitat: Intestinal epithelium of the centipede Cormocephalus dentipes 
Poc. at Calcutta. 
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EXPLANATION OF PLATE V 


All figures are camera lucida drawings either of living specimens or from smears or sections 
fixed in Bouin-Duboscq-Brasil’s fluid (unless otherwise stated) and stained with Heidenhain’s 
iron-haematoxylin. x 1666, unless otherwise stated. 


Adelina schellacki n.sp. 


. 1. Trophozoite, surrounded by an envelope, probably secreted by the basement membrane 
(6.m.). From a section. 

Fig. 2. Young schizont. From a section. 

Fig. 3. Schizont showing nuclei dividing. Note four chromosomes at the poles of one spindle. 
From a section. 

Fig. 4, Schizont with numerous peripheral nuclei, and cytoplasm dividing. From a section. 

Fig. 5. Macromerozoites. Note the small, distinct karyosome in each. From a section. 

Fig. 6. Microschizont, showing sixteen newly formed nuclei. From a section. 

Fig. 7. Micromerozoites. Note absence of karyosome. From a section. 

Fig. 7a. Growing micromerozoite. Note minute karyosome. From a section. 

Fig. 8. Young macrogametocyte, showing “‘micropyle”’ at broader end. From a section. 

Fig. 9. Syzygy. Note finger-like processes of the gametocytes. From a smear fixed in Schaudinn’s 
fluid. 

Fig. 10. Macrogamete and microgametocyte enclosed within a common investing membrane 
(c.i.m.). Note hypertrophied nucleus of the host cell. From a section. 

Fig. 11. Macrogamete with nucleus situated at micropolar end. Two microgametes lie near the 
female nucleus. From a section. 

Fig. 12. Newly formed oocyst, with two degenerating microgametes lying at its micropylar end. 
From smear fixed in Schaudinn’s fluid. 

Fig. 13. Slightly older oocyst, showing rupture of the common investing membrane. From smear. 

Fig. 14. Oocyst containing eight sporoblasts. From fresh faeces. 

Fig. 15. Mature sporocyst containing two sporozoites. From faeces in moist chamber. x 1730 

approx. 
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SOME DIFFICULTIES IN DETERMINING THE LIFE 
CYCLE OF FASCIOLA 


By F. GORDON CAWSTON, M.D. (Canras.) 


Ir the normal molluscan host of Fasciola were a species of Lymnaea it should 
be possible readily to produce experimental infection in that species. Although 
adult flukes have been reared from larvae found naturally in different species 
of Lymnaea in various countries, great difficulty has been experienced in 
producing experimental infection of these same species of Lymnaea. In fact, 
although the factors governing the successful completion of the life cycle are 
not known, the ease with which, according to text-books, the life cycle may be 
followed experimentally, is contrary to experience in both Europe and warmer 
climates. 

Possible explanations of this difficulty may be the tendency to regard all 
molluscs with shells similar to that of a well-known host of Fasciola as belonging 
to the same species; or to the fact that different species of Fasciola may have 
different species of Lymnaea as hosts. The larvae of closely allied species of 
Fasciola are so similar that they can be distinguished only by experimentally 
raising the adult flukes from them; and also the descriptions of the soft parts 
of species of fresh-water molluscs which might serve as carriers of Fasciola 
infection is at present inadequate for specific identification. 

So far, adult Fasciola have been reared only from larvae infesting species 
of Lymnaea, and although cercariae morphologically similar to those from 
Lymnaea have been found rarely in Physopsis africana Krauss that is not 
sufficient justification for regarding this mollusc as a host. 

Consideration of the life cycles of other trematodes may help to throw 
light on the difficulty encountered in experimentally completing the life cycle 
of Fasciola. Thus, ova of schistosomes are ready to hatch as soon as they 
reach fresh water after passing out in the urine of infected persons. It does not 
appear to be recorded, however, whether or not ova which have not passed 
through mesenteric vessels and escaped in urine or faeces are capable of 
producing miracidia which can successfully infect a molluscan host; that is to 
say, whether or not the passage through the mesenteric veins and emergence 
in urine or faeces is an essential part of the life cycle. Although, on a warm 
day, the vast majority of ova escaping from an infected mammalian host 
produce free-swimming miracidia within a few minutes, this isnot always the 
case and failures to hatch may occur even in ova obtained from faeces. 

Unsuccessful attempts to repeat the life cycle of Fasciola have not always 
been recorded; but it would seem that in such cases the eggs have usually 
been obtained from the infected livers of cattle or sheep or from the bile ducts 
and have been kept in water in glass receptacles for about a fortnight until 
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active miracidia appear amongst numerous empty shells. Therefore, experi- 
ments are needed to determine if some important change or development takes 
place in the embryos whilst, under natural conditions, the eggs are passing 
through the gut and during the variable time they remain in the dung on the 
surface of the soil where the cattle graze. 

In addition to the difficulty of experimentally completing the life cycle it is 
known that fluke disease is common in areas from which Lymnaea is apparently 
absent; and in infested areas where Lymnaea does occur only a small proportion 
of the snails show infection with larvae of Fasciola. For example, it is stated 
that in England, Lymnaea truncatula is only rarely found infested with typical 
Fasciola cercariae and infested specimens of Lymnaea natalensis have only 
seldom been recorded in the Union of South Africa. These points strongly 
suggest that Fasciola has some other intermediate host which has so far not 
been recognized. 
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INTRODUCTION 


THERE are about seven species of the genus Ascodipteron in the tropical 
parts of the Old World. Their endoparasitic females, which live embedded in 
the skin of bats, are not uncommon on certain species of the genera Embal- 
lonura, Hipposideros and especially of Rhinolophus and Miniopterus. The 
males, on the other hand, are extremely rare, and have never been taken on 
bats before. There is a description of the male of Ascodipteron speiserianum 
only, by Muir (1912), who bred this species in Amboina, Dutch East Indies. 

In the present paper I give a description of the young, not embedded 
female and of the male of the African species. The embedded female of this 
species was described in my paper on the African Streblidae (1939). The 
material was collected by Mr T. H. E. Jackson, in Kapretwa, Kitale, Kenya, 
and it was kindly submitted to me by Dr F. W. Edwards. 


FEMALE BEFORE EMBEDDING 
(Fig. 1 E) 


The specimen of this female was undoubtedly taken at the beginning of 
its penetration into the skin of the bat, as there were several fragments of 
skin and small clots of coagulated blood entangled between the toothed blades 
of its proboscis. It had already cast off all the legs and one wing; the other 
wing and the large halteres (h.) were still present. 

Structurally the young, not yet embedded female differs from the embedded 
one mainly in the form of its abdomen and in the presence of the wings and 
the legs. The abdomen of the young female is more or less cylindrical, about 
0-5 mm. in diameter in the broadest part and 1-2 mm. long. Its cuticle shows 
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Fig. 1. Ascodipteron africanum Jobling. A, dorsal view of male, left wing omitted, x 40; 
B, theca of labium of same, x 80; C, ventral view of head and thorax of same, x 40; 
D, fifth segment of tarsus of same, x 130; E, abdomen of female before the beginning of its 
endoparasitic mode of life, x 40. 
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numerous small, transverse folds, and in the proximal half bears flat, strongly 
decumbent setae, which are more numerous on the dorsal and ventral surfaces. 
Near the posterior end of the abdomen the cuticle bears four circular rows of 
strong, darkly pigmented setae. The posterior end is very irregular in outline 
owing to the deep folds in the cuticle. It bears six abdominal spiracles (ab.s.) 
and two sensory plates which are situated just above the slit-like anal aperture. 
As the structure of the sclerotized parts of the posterior end of the abdomen 
was shown in my paper (1939), it need not be described here. 

The posterior end of the abdomen of the female shows some remarkable 
resemblance to that of some parasitic larvae of the Calliphorinae and the 
Sarcophaginae. This resemblance is attributable to the adaptation of the 
abdominal structure to the similar conditions in the skin of the host after 
the penetration of the parasite, and constitute a case of convergent evolution. 

When the female becomes embedded in the skin of a bat, the posterior 
end of the abdomen swells. It becomes knob-shaped and remains outside the 
skin of the bat. At the same time the rest of the abdomen begins to grow, 
and envelops the thorax and the head. Owing to these changes, the body 
of the embedded female becomes flask-shaped and resembles more a parasitic 
worm than a fly. 


B. JOBLING 


A COMPARISON OF THE STRUCTURE OF THE FEMALE WITH 
THAT OF THE MALE 


The females of the genus Ascodipteron differ considerably from the males 
in their structure and in their habits. The females are endoparasitic, while 
the males are free living. 

The most striking difference between the female and the male is in the 
structure of the head and the proboscis. The head of the female is composed 
of sclerotized parts, which are connected with each other by a very wide 
membrane, whereas the head of the male is a solid, bell-shaped capsule, which 
has no traces of the subdivision in the sclerotized parts (Fig. 1 A, C). 
The proboscis of the female is devoid of palps. It consists of the enormously 
developed theca of the labium, the anterior end of which is armed with the 
strong, toothed blades of the greatly modified labella. It is longer and more 
conspicuous than the head. The proboscis of the male has the same structure 
as that of the other Streblidae and has palps (Fig. 1 C, p.). Its theca is small 
and is very flat (Fig. 1 B, C, th.). The labella form a small, slightly conical 
structure, which is attached nearer to the posterior part of the dorsal surface 
of the theca and is invisible from outside. As far as is possible to see without 
dissection, this part of the proboscis seems not to be armed with teeth, and 
its position precludes it from piercing the skin. In both sexes the antennae 
have the same structure, but their positions are quite different; in the female 
they are concealed in grooves and are overlapped by the sclerotized parts of 
the vertex, whereas in the male they project in front of the head. 
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The thorax in both sexes is compressed, and is higher than long. The 
sclerites of the pleural regions have the same structure, but in the female 
they are more widely separated from each other by a membrane, and the 
mesopleurae and pteropleurae are provided with darkly pigmented, peg-like 
setae. A more distinct difference in the structure of the thorax is in the 
mesonotum and in the sclerites of the ventral part. The mesonotum of the 
female is only slightly convex, it is devoid of the mesonotal suture and its 
anterior border is slightly overlapped by the posterior margin of the head. 
On the other hand, the mesonotum of the male is strongly convex. The 
prescutum is produced and overlaps the dorsal surface of the head. It is 
separated from the scutum by the mesonotal suture which is incomplete in 
the middle. The scutellum (s.) and the chaetotaxy of the mesonotum are 
practically the same in both sexes. 

The ventral surface of the thorax is slightiy broader in the male than in 
the female. Its basisternum (bs.) has two pigmented, setose areas, which are 
absent from the basisternum of the female. The sternopleura (ster.) and the 
pleurotrochantines (pl.) of the male are also different from those of the 
female and have a different chaetotaxy. They are uniformly setose, whereas 
in the female their setae are less numerous and are confined to the lateral 
parts of these sclerites. 

As regards the legs, it was possible to compare the structure of the coxae 
and trochanters only. The female casts off the other segments of the legs 
before embedding itself in the skin. The coxae and trochanters of all the legs 
have the same structure in both sexes. It is quite possible that the other 
segments of the legs have the same structure in the male and female of this 
species, since, according to Muir, the legs of the female of A. speisertanum do 
not differ from those of the male. 

The wings have the same structure in both sexes. They are broad and the 
apex is slightly incurved near the fourth longitudinal vein. The costal vein 
extends beyond the third longitudinal vein, but does not reach the fourth 
longitudinal vein as in the other Streblidae. The humeral vein is broad; it 
occupies the same position as that of the other Streblidae, connecting the 
stem of the radius with the costal vein. The first longitudinal vein (#1) is 
short, with a few setae. It ends in the costal vein. The second longitudinal 
vein (R2+3) is greatly reduced, ending indistinctly and far short of the 
costal margin of the wing. It should be metioned here that in the wings of 
A. speiserianum this vein extends to the costal vein. The third longitudinal 
(R4+5) is the most conspicuous vein in the wing and is setose. The fourth 
longitudinal vein (M1+2) is very indistinct, but its course can be easily 
followed to the margin of the wing. The anterior cross vein is absent. The 
fifth longitudinal (@4+Cw1) is very thin, it ends in the margin of the wing. 
The first anal vein is absent; the second anal vein is very thin and is indistinct 
beyond the alula. The margin of the wing is fringed with very fine setae, and 
the membrane bears many microtrichia. In the basal part of the wing there 
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is present a very small, curved calipteron (ca.) which, however, is not so 
conspicuous as that of the other Streblidae. The halteres have the same 
structure in both sexes. They are large and are as long as the tarsi of the 
hind legs. 

The abdomen of the male differs considerably from that of the female. 
It resembles the abdomen of the genera Nycteribosca and Raymondia and is 
not adapted structurally to the endoparasitic conditions. It is oviform, bears 
many small setae and shows faint traces of segmentation which are more 
distinct on the venter than. on the dorsum. It ends in the strongly sclerotized, 
cylindrical hypopygium which bears two claspers (cl.) and two digitiform 
processes. The latter are movably attached to the latero-ventral parts of the 
posterior end of the hypopygium, and each bear three apical, darkly pigmented 
denticles. The internal parts of the copulatory apparatus consist of the dorsal 
and the ventral apodemes and the long curved oedeagus (oed.). The dorsal 
apodeme is connected with the oedeagus, whereas the ventral apodeme is 
jointed to the claspers and the digitiform processes. 

It is seen from this comparative description that, with the exception of 
the antennae, the wings, the halteres and probably of the legs, the male 
differs very considerably from the young female and still more from the 
endoparasitic one. Therefore, in the following section, I give a separate 
description of the male. 


B. JOBLING 


Ascodipteron africanum Jobling (1939), male 


Body 1-9 mm. long on slide (not including the protruded oedeagus). Head 
bell-shaped when examined from below; with the exception of the most 
posterior part of its ventral surface, it bears small uniform setae; frons about 
as broad as the anterior part of the head. Antennae two-segmented, projecting 
in front of the head and structurally like those of the female. Palps very 
small, spatulated, with one ventral and a few marginal setae. Theca of labium 
as shown in Fig. 1 B, very flat, with many uniform setae arising from its 
ventral surface; labella very small, not projecting beyond the anterior margin 
of the theca. 

Mesonotum strongly convex, overlapping the postero-dorsal part of the 
head; mesonotal suture present, but incomplete in the middle; prescutum 
more or less conical when examined from above, with uniform small setae, its 
anterior margin rounded and notched in the middle; scutum with small setae 
in the lateral parts and with two narrow, posteriorly diverging patches of 
similar setae in the middle; scutellum as in the female, with a few strongly 
decumbent setae. Sclerites of the pleural parts of the thorax as in the female, 
but mesopleura and pteropleura without peg-like, darkly pigmented setae. 
Basisternum (bs.) of the ventral surface of the thorax with two more or less 
rounded patches of small setae in the middle; sternopleura (ster.) uniformly 
setose; pleurotrochantines (pl.) form one plate, with small setae in the 
posterior half. 

Parasitology 32 
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Legs normal, uniformly setose; their first tarsal segment as long as the 
three following segments together. 

Wings 2-5 mm. long and 1-2 mm. broad; the second longitudinal vein 
(R2+3) greatly reduced and ends far short of the costal margin; the other 
veins as in the drawing. 

Abdomen ovoid, with traces of segmentation; it is very setose, apart 
from its dorsum which bears a few setae. Hypopygium short, cylindrical, with 
a few very fine setae arising from its dorsal and lateral surfaces; claspers 
twice as long as the hypopygium; each digitiform process with three apical, 
strongly sclerotized denticles; oedeagus longer than the claspers, tapering to 
a point and curved. 


The specimen was taken together with the two females from Rhinolophus 
lobatus Peters, near Kapretwa, Kitale, Kenya, by Mr T. H. E. Jackson. It is 
designated as the Androtype and is preserved together with the Gynetype 
(type) in the collection of the British Museum, Natural History. 
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1. INTRODUCTION 


Ir is known that plant viruses are inactivated by ultra-violet light (Duggar & 
Hollaender, 1934; Hollaender & Duggar, 1936; Price & Gowen, 1937) and by 
X-rays (Gowen & Price, 1936), and that their resistance to these radiations is, 
as compared for example with bacteria, extremely high. In the present paper 
some experiments are described on the inactivation of various plant viruses 
by these radiations. These experiments were undertaken for two reasons. In 
the first place information was desired on the manner in which the amount of 
virus inactivated depended on the duration of exposure and on the intensity 
and wave-length of the radiation, in order to see how far these data were in 
agreement with current theories of the biological action of radiations. In the 
second place it was hoped to use radiations as a tool to obtain information 
about the virus itself. To facilitate an understanding of the aim and interpre- 
tation of the experiments we shall need to indicate briefly the type of action 
which, in the light of present radiological knowledge, radiation might be 
expected to have on viruses. X-rays dissipate their energy in matter by 
ionization: that is to say, that when matter is irradiated by X-rays certain of 
the molecules will have electrons torn off them. A molecule so affected is 
almost certain to undergo chemical change, either by structural rearrange- 
ment, by splitting up into smaller parts, or by reaction with neighbouring 
molecules. Study of the chemical effects of radiations has shown that in 
many cases there is equality between the number of molecules ionized and the 
number of molecules reacting chemically, though in other cases, of course, 
secondary reactions following the primary action of the radiation complicate 
the final result. If we regard the elementary virus particle as a single large 
molecule it is therefore entirely plausible to suppose that a single ionization 
can suffice to inactivate it. Even with biological materials much more com- 
plicated than viruses there are certain effects of radiation which there is good 
reason to believe can be produced by a single ionization. These are the radia- 
tion-induced gene mutations. Current theory supposes (Timoféeff-Ressovsky, 
1937) that an ionization occurring in the gene itself or its immediate vicinity 
leads either to structural alteration with change in its genetic behaviour 
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(mutation) or to inactivation (lethal mutation). The suggestion has been 
hazarded more than once (Jordan, 1938; Gowen & Price, 1936) that the 
elementary virus particle is of the nature of a gene, but capable of survival 
outside the cell. The acceptance of this view would make it almost a foregone 
conclusion that a single ionization should suffice to inactivate an elementary 
virus particle. It is evidently of interest, both from the point of view of the 
theory of the biological action of radiations, and of the nature of the virus to 
test experimentally the accuracy of this conclusion. This we have done in 
three ways, as follows: 

(a) If the view that one ionization suffices to inactivate one virus particle 
is correct, then the mean lethal dose of radiation will be that dose which 
produces, on the average, one ionization in a volume equal to the volume of an 
elementary virus particle. If this volume is v cm.’, it means that the lethal 
dose should be that dose which produces (1/v) ionizations per cm.* in the 
irradiated material. Taking account of the distribution of ionization in clusters 
1/v needs to be replaced by 3/v (see §3). Thus from the irradiation data it 
should be possible to deduce the particle size of the virus, for comparison with 
estimates of the size deduced by other methods. 

(6) The second test depends on the way in which the amount of virus 
inactivated is related to the intensity of the radiation, that is, on the rate per 
minute at which ionizations are being produced. If the inactivation of a given 
virus particle is due to a single ionization and is not the cumulative effect of a 
number of ionizations then the amount of inactivation produced in a virus 
suspension should not depend on whether it is irradiated for a long time at 
low intensity or for a short time at high intensity, but only on the total 
number of ionizations produced. Thus the amount of inactivation produced 
by a given dose of radiation should be independent of the intensity. 

(c) The final test is that if the inactivation of a virus particle is due to a 
single ionization the proportion of the virus remaining should diminish as an 
exponential function of the time for which the radiation is acting, in the same 
way as the amount of reagent unchanged is an exponentially diminishing 
function of the time in a monomolecular reaction. 

These three arguments can only be given in outline here, they may be 
found elsewhere discussed at greater length in connexion with other radio- 
logical problems (Timoféeff-Ressovsky, 1937; Lea, 1940). In many of the 
experiments it has been found more convenient to use ultra-violet light in 
place of X-rays. Ultra-violet light dissipates its energy not by ionization but 
by excitation of molecules by which it is absorbed. Molecules thus excited to 
states of greater energy are liable to decompose or react, but the excitation 
being a less drastic process than ionization the probability of reaction is much 
smaller. Thus only a small proportion of the virus particles which absorb 
an ultra-violet light quantum will be expected to be inactivated. The tests 
(6) and (c) we have mentioned above concerning the shape of the survival 
curve and the dependence of effect on intensity may be made equally well with 
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ultra-violet light. On the other hand, the test (a) concerning the relation 
between the size of the elementary virus particle and the dose of radiation 
required cannot be made with ultra-violet light but only with ionizing radiation. 

In the succeeding pages we describe experiments showing that the theory 
satisfactorily passes the three tests outlined above. We are justified then in 
concluding that an elementary virus particle can be inactivated by the direct 
action on it of an ionization or an ultra-violet light quantum. Knowing this, 
we can predict the behaviour of an aggregate of elementary particles, and by 
this means use radiation experiments to obtain information about the nature 
of the aggregation processes in viruses. This part of the work is discussed in § 3. 
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2. EXPERIMENTAL METHODS 


The following viruses were used in the experiments, Nicotiana virus 1 
(tobacco mosaic virus), Nicotiana virus 11 (tobacco necrosis virus) and Lyco- 
persicum virus 4 (tomato bushy stunt virus). 

The viruses were treated in different ways, in crude clarified sap, as 
collodion filtrates, precipitates and in purified form. The object of using these 
different preparations was in order to see whether any differences in the 
reaction to radiation were exhibited by preparations in which the virus was 
judged, on the basis of filtration experiments, to be in different states of 
aggregation. 

To obtain the clarified sap the virus-affected leaves were first minced and 
then pressed through fine muslin. This extract was then passed through a 
kieselguhr bed or else clarified by spinning on the centrifuge. Such treatment 
was also a necessary preliminary to filtration through the collodion mem- 
branes. 

For the precipitated virus preparations, we used ammonium sulphate in the 
case of Nicotiana virus 1 while Nicotiana virus 11 was precipitated with 85% 
alcohol. Lycopersicum virus 4 was precipitated at pH 4-4. We are indebted to 
Mr N. W. Pirie for the purified samples of Lycopersicum virus 4. 

Two methods of irradiating virus by X-rays were used. In one series of 
experiments the virus was dried on a cover-slip before irradiation, and re- 
suspended for inoculation. In the other series the virus was irradiated in 
aqueous suspension. The fact that the same result was obtained by the two 
methods indicates that the inactivation is due to direct ionization of the virus 
itself and is not an indirect effect following ionization of the fluid medium. It 
is important to decide this point since many chemical actions of radiation 
taking place in solution are indirect, and due to activation of the solvent 
medium. 

The radiation was nearly monochromatic, and of wave-length 1-5 A., 
excited in an X-ray tube with a copper target. Its penetrating power was 
rather small, but the layer of dried virus was sufficiently thin for there to be 
no appreciable lack of uniformity in the intensity of radiation in the series of 
experiments in which the virus was irradiated dry. The intensity in this series 
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was 2x 104 roentgens per minute. For the second series the suspension was 
placed in a celluloid cell about 1-5 mm. deep from front to back. On account 
of the absorption the intensity was by no means uniform throughout the 
liquid, but sufficient mixing doubtless occurred to ensure that over a long 
period, approximately 1 hr., the total dose received was uniform throughout 
the liquid. The average intensity in the liquid, after making allowance for the 
absorption in the celluloid walls and in the liquid itself, was 7000 roentgens 
per minute. 

For the ultra-violet light experiments the virus suspension was placed 
in a layer approximately 2 mm. thick in a quartz dish underneath the lamp. 
The latter was of the type (Vitreosil “Home-sun”) operating at about 50° C. 
and containing neon and mercury vapour at low pressure. Nearly all the 
emission of this lamp is in the line 2537 A. The ultra-violet intensity was 
measured by a thermopile (Lea & Haines, 1940). The virus suspensions used 
were diluted before irradiation sufficiently to ensure that the ultra-violet 
intensity at the bottom of the liquid layer was not much less than at the top. 
The absorption coefficient of the virus suspension was measured and the 
average intensity in the liquid calculated. 

The irradiated and control preparations were inoculated on to the leaves 
of test plants and the lesions which appeared were counted (Holmes, 1929). 
The half-leaf method of inoculation was usually employed, in which half of a 
leaf was spread with an irradiated sample and half with an unirradiated 
sample. In certain experiments a more elaborate randomization was adopted 
in which each of seven samples, representing six different exposures and one 
control, was paired once with each of the other six, thus utilizing 7 x 6/2=21 
leaves. Care was taken that the lesion counts per leaf never approached the 
maximum number which a leaf of the test plant is capable of showing. 

The French bean (Phaseolus vulgaris) was used as a test plant for tobacco 
necrosis virus and Nicotiana glutinosa for the viruses of tobacco mosaic and 
tomato bushy stunt. 


3. INTERPRETATION OF THE RESULTS 


The experimental results obtained are summarized in Figs. 1-5 in which 
the natural logarithms of the ratio of the lesion counts of exposure and 
control is plotted against the dose of radiation. On this logarithmic scale 
straight lines indicate exponential survival curves, and the average dose for 
inactivation is that dose which makes the logarithm of the surviving fraction 1. 

It is seen that apart from the random errors, which in some cases are rather 
large, the survival curves are exponential, thus satisfying test (c) discussed in 
the Introduction. Fig. 2 shows the result of an experiment in which two 
different intensities of ultra-violet light were used on samples of the same 
virus suspension. The intensities were different by a factor of 120: 1, but the 
times required for inactivation differed in about the same ratio, so that the 
amount of inactivation produced by a given dose (dose =intensity x time) was 
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Fig. 1. X-rays (1-5 A.) on Nicotiana virus 11: @ virus irradiated dry, intensity 2 x 10* roentgens 
per minute; © virus irradiated wet, intensity 7 x 10* roentgens per minute. 
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Fig. 2. Ultra-violet light on Nicotiana virus 11; intensity variation. 
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practically independent of the intensity. The small difference indicated in 
Fig. 2 is probably due to experimental error. This experiment supplies test (5) 
mentioned earlier. 

The data for test (a) are contained in Fig. 1 which shows that the mean 
dose of X-rays of wave-length 1-5 A. for inactivation of tobacco necrosis virus 
is 2-8 x 10° roentgens. It should be mentioned that different experiments did 
not always give reproducible results, and that, while the data given in Fig. 1 
is derived from what are considered the best experiments, there are other 
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Fig. 3. Ultra-violet light on Nicotiana virus 11. 


experiments in which the rate of inactivation is considerably more rapid, 
for some reason we have not yet been able to elucidate. Fortunately, the result 
of the calculation based on Fig. 1 is rather insensitive to error in the actual 
rate of inactivation. Now 1 roentgen of this radiation corresponds to the 
production of 1-3 x 10!" ionizations per cm.’ in tissue. Now these ionizations 
occur mainly in small clusters of 1, 2, 3, or 4, rarely more, ionizations, the 
clusters being sufficiently compact to act as single units, so that it is one cluster 
rather than one ionization which is likely to be responsible for inactivation of 
the virus particle. This point which was briefly referred to in the introduction 
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may be found discussed in greater detail elsewhere (Lea, 1940). The average 
number of ionizations per cluster is 3. Thus the experimentally determined dose 
for inactivation, viz. 2-8 x 10® roentgens, is equivalent to 2-8 x 10® x 1-3 x 10° = 
3 = 1-2 x 108 clusters per cm.’ or 1 cluster per volume of 8-3 x 10- cm.* This 
then is our estimate of the size of the elementary virus particle of tobacco 
necrosis virus, and taking it to be spherical its diameter is deduced to be 12 my. 
The accepted size for this virus calculated from filtration experiments is 
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Fig. 4. Ultra-violet light on Lycopersicum virus 4. 


12-20 mp (Smith & MacClement, 1940). Gowen (1940) has recently reported 
similar experiments in which the inactivation of tobacco mosaic virus by 
X-rays was used to obtain an estimate of the volume of the elementary virus 
particle. His estimate for the size of this virus is 7-5 x 10-8 cm.?_ Recalculating 
his results and taking into account the distribution of ionization in clusters 
we deduce a value of about 2-4x 10-17 cm.? It is not possible, however, to 
compare this value with the results of filtration experiments since tobacco 
mosaic virus is known to be non-spherical. 
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We come now to a consideration of the comparison of the inactivation 
curves for viruses in different states of aggregation. Fig. 3 shows that the 
degree of inactivation of Nicotiana virus 11 (tobacco necrosis virus) produced 
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Fig. 5. Ultra-violet light on Nicotiana virus 1. 


by a given dose of ultra-violet light is the same whether the virus is in the 
form of a kieselguhr filtrate or has been precipitated by 85% alcohol. Similar 
results obtained with other viruses in various states of aggregation are shown 
in Figs. 4 and 5. Now filtration experiments with Nicotiana virus 1 (tobacco 
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mosaic virus) show that precipitated virus has a much larger filtration end- 
point than unprecipitated virus and the slope of the filtration curve for pre- 
cipitated Lycopersicum virus 4 (tomato bushy stunt virus) suggests a certain 
amount of aggregation though the filtration end-point for precipitated and 
unprecipitated virus is the same. The obvious interpretation of this difference 
in filtration properties would be that in the precipitated virus the elementary 
particles are aggregated into larger clumps. The results of the radiation 
experiments, however, are not compatible with this interpretation unless it is 
somewhat modified. To render a clump of virus particles incapable of pro- 
ducing a lesion we should presumably need to inactivate every one of the 
elementary particles of which it is constituted. To inactivate in this way a 
given proportion of the clumps will require a much larger dose of radiation 
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Fig. 6. Theoretical inactivation curves for fixed aggregates of various 
numbers of elementary particles. 


than to inactivate the same proportion of smaller clumps or of elementary 
virus particles. If 1 —e-*” is the proportion of elementary particles inactivated 
by the dose D (the proportion is of this form since the survival curve is 
exponential) then (1—e-“”)" will be the proportion of clumps inactivated 
by the same dose if each clump contains n elementary particles. Hypothetical 
survival curves of the form 1—(1—e-%”)" are shown plotted in Fig. 6 for 
various values of ». It is seen that the survival curves corresponding to 
different states of aggregation should be easily distinguishable (see Lea et al. 
(1937), who describe the use of radiation in a similar manner to determine 
whether a filamentous form of Bact. coli is to be regarded as a single individual 
or a chain of separate individuals). Since this is not so in practice the simple 
view of the aggregation process we have taken is untenable. The experimental 
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precision of our experiments is not sufficient to rule out the possibility of 
a small amount of aggregation, say three or four elementary particles per 
aggregate. But a much greater degree of aggregation than this would be 
needed to explain the difference in filtration properties and should be easily 
detected by the radiation experiments. 

The following possible explanations are suggested: 

(a) Each particle of the aggregated virus may consist of one elementary 
virus particle plus inert material. A single quantum absorbed in the elementary 
particle will inactivate it and the inactivation curve will be identical with that 
for the unaggregated virus. 

(6) Each particle of the aggregated virus may consist of a number of 
aggregated particles which, however, do not form a permanent unit but are 
continually breaking up and reforming, there being a dynamic equilibrium 
between aggregated particles which are continually breaking up and elementary 
particles continually aggregating. Thus we may imagine that 10,000 elementary 
particles form themselves into 100 aggregated particles. A dose of radiation 
which is sufficient to inactivate half of the elementary particles will leave 
5000 active particles which will presumably form themselves into 50 aggregated 
particles each containing on the average the same number of elementary 
particles as before. Thus the number of aggregates will be reduced in the same 
ratio as the number of elementary particles would be reduced by the same 
dose in an unaggregated suspension, in agreement with the experimental 
result. 

Of these two theories (a) is obviously a priori the simpler. There is, how- 
ever, a certain amount of evidence on other grounds favouring some such 
theory of aggregation as (b). In the first place, it has been found in dilution 
experiments that the lesion count does not diminish in proportion to the 
dilution but more slowly, and it has been suggested (Bald & Briggs, 1937) 
that with increasing dilution virus aggregates break up. The postulates we 
have made in (4) would lead one to expect an effect of this sort. For the 
rate at which virus aggregates break up will be independent of the dilution, 
while the rate at which elementary particles aggregate will diminish with 
increasing dilution, thus the equilibrium will shift in the direction of smaller 
aggregates as the dilution increases. 

Some support for this theory comes from the work of Smith & MacClement 
(1940) on fractional filtration and filtration of successive resuspensions of the 
same virus sample in the filter. The experiments were carried out as follows: 
5 ml. of virus was put into the filtration apparatus and the number of lesions 
produced by the first 4-5 ml. of the filtrate determined. The remaining 0-5 ml. 
of liquid remaining was made up to 5 ml. with a 4: 1 water-broth mixture and 
a second 4-5 ml. passed through the filter. This was repeated a number of 
times and the lesion counts obtained from successive 4-5 ml. filtrates diminished 
very slowly, i.e. by a factor of about 10 over the whole series, instead of by a 
factor of 10 between each successive pair of fractions as one would expect. 
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The interpretation of this experiment is not certain, but a phenomenon of 
this sort would be expected on theory (b). In the filter chamber there will 
constantly be aggregates dissociating into elementary particles. Normally, 
according to the theory, these will re-aggregate and maintain the dynamic 
equilibrium, but a certain proportion will be carried through the filter before 
they have time to aggregate once more. Thus each ml. of liquid which passes 
through the filter carries with it a certain amount of virus and as long as the 
supply of aggregated virus remains adequate this quantity carried by suc- 
cessive 4-5 ml. fractions will remain practically constant. 


SUMMARY 


Experiments on the inactivation of various plant virus preparations by 
ultra-violet light and by X-rays are described. The curves obtained by plotting 
against the dose of radiation the number of lesions obtained on inoculation of 
a test plant are exponential and the rate of inactivation is proportional to the 
intensity of the radiation. The inactivation curves obtained with preparations 
of a given virus in different states of aggregation do not appear to be syste- 
matically different. 

The discussion of these results shows that the particles in an aggregated 
virus suspension cannot be considered to be permanent clusters of elementary 
virus particles. Two possible alternatives which are compatible with the 
radiation experiments are discussed, either (a) the aggregation consists of the 
attachment of a single elementary virus particle to inert matter, or (b) the 
aggregation consists of a reversible union of elementary virus particles, there 
being a dynamic equilibrium between the aggregates which are constantly 
dissociating and the elementary particles which are constantly aggregating. 
The dose of X-radiation required for inactivation of the virus is consistent 
with the view that inactivation is caused by the production of a single ioniza- 
tion in the elementary virus particle, the size of which is approximately known 
from filtration experiments. 


The ultra-violet light exposures were made at the Low Temperature 
Research Station, and we are indebted to the Superintendent, to Dr R. B. 
Haines and to Dr C. H. Lea for facilities afforded there. Mr W. D. MacClement 
gave us some assistance with the plant inoculations. We are also indebted to 
the British Empire Cancer Campaign which made possible the X-ray experi- 
ments at the Strangeways Laboratory. 
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I. INTRODUCTION 


To the protozoologist—if not to the physician—Dvientamoeba fragilis is now, 
perhaps, the most interesting of all the intestinal amoebae of Man: for we 
know less about it than about any of the others, and its life-history and 
activities are still mysterious. 
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Ever since I first saw this curious organism,’ in 1917, I have been intrigued 
by its peculiarities, and have taken every opportunity of studying it further: 
yet after more than 20 years’ work and cogitation I am still baffled, and now 
publish the following contribution to our knowledge because I have, for the 
time being, reached a dead end in my studies. Circumstances—both domestic 
and foreign—over which I have no control, have now put a stop to my 
investigations. This must be, in part, my excuse for the evident shortcomings 
of the ensuing instalment of these Researches.” 

Another reason for publishing these unfinished studies at the present 
juncture is this. Since I began this work, several other investigators in other 
countries have made known their own results. As these appear to me to be 
partly based upon misapprehensions and faulty observations, it seems desirable 
to correct them before further mistakes are committed. My own work leads 
me to believe that other workers have been wasting their energies in the 
pursuit of false clues; and I therefore submit my own findings for consideration 
in the hope that they may indicate a better direction for future inquiries. 

When I published my original account of Dientamoeba—jointly with 
Miss Jepps, its co-discoverer, in 1918—only 8 cases of infection were known. 
Of these, 6 were found in British troops invalided to England during the last 
War, and 1 in a healthy British civilian who had never been abroad. Since 
that date, other workers have discovered scores of other infections all over 
the world—on the Continent of Europe (Holland, Spain, France, Germany, 
Hungary, Sweden, Russia, etc.); in China, Japan, the Philippines, and India; 
in Egypt; and in North, Central, and South America.? The distribution of 
this organism now appears, indeed, to be world-wide, while in some places it 
even seems to be a common inhabitant of the human intestine. 

These various records of the occurrence of D. fragilis are valuable, yet they 
have added almost nothing to our knowledge of the amoeba itself. We still 
know little more of its life-history than we did in 1918, and such redescriptions 
of its morphology as have since been published are not remarkable for their 
accuracy. As I shall show in the following pages, my first account of the 
structure of this organism was incomplete, and my interpretation of its nuclear 
apparatus incorrect: yet nobody has hitherto corrected my real mistakes 
(though many have criticized my statements), and it is therefore a pleasure 
to be able to do so now myself. 

Of the numerous reports on the finding of Dientamoeba one stands out 
conspicuously. This is the discovery by Svensson (1928) that the organism is 
present in a surprisingly high proportion of the inmates of certain mental 
hospitals in Sweden (over 50 per cent in one such institution were found to be 


1 See Jepps & Dobell (1918) and Dobell (1919) for the first descriptions and the history of 
its discovery. 

2 For earlier instalments see Dubell (1928, 1929, 1931, 1933, 1934, 1935, 1936, 1938). 

3 A fairly complete list of previous records is given by Brug (1936). Notable additions will 
be found in the papers by Lérincz (1933), for Hungary; Lopez-Neyra and Peregrin (1933), for 
Spain; and Das Gupta (1936), for India. 
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infected). This observation is puzzling, and its interest has been increased by 
the more recent announcement of similar findings by Brug (19365) in Holland! 
and by Hakansson (1937) in Panama.? Why asylum patients should be so 
heavily infected, and how they acquire their infections, are still profound 
mysteries. 

I mention these perplexing records? now because they were largely 
responsible for the work here reported. Before she published her findings, 
Dr Ruth Svensson kindly told me of them privately and sent me confirmatory 
specimens and details. In the spring of 1928 she came to London, to work 
in my laboratory, and in the following year we successfully cultivated 
Dientamoeba from one of her patients. This collaboration revived my interest 
in this extraordinary “amoeba”, and inspired the work particularly described 
in the present paper. We planned to continue our studies together, but 
unhappily war and other adverse circumstances have made this impossible. 

Until 1930, Dientamoeba was known to occur in Man alone. But in this 
year Hegner and Chu‘ reported it from two wild monkeys (Macacus philippi- 
nensis), and since then Knowles and Das Gupta (1936) have discovered it also 
in a Silenus irus [=M. cynomolgus] at Calcutta. At least, these workers have 
found amoebae similar to D. fragilis in these hosts, though they have published 
no data to prove that the simian species are identical with one another and 
also with that inhabiting Man. 

In recent years several attempts have been made to incriminate D. fragilis 
as a pathogenic agent. One American author (Hakansson, 1936), indeed, 
boldly indicts it in the title of his paper as “a cause of illness”. Such claims, 
if substantiated, would once more bring the organism into the focus of medical 
interest: but it must be confessed that the truth of these allegations still 
awaits demonstration. Critical examination of the evidence indicates that the 
verdict in this case should be, at present, “not proven” rather than “guilty”. 

D. fragilis is the only intestinal amoeba of Man whose cysts—if it possess 
any—have never been discovered. Sufficient infections have now been studied, 
moreover, to make it tolerably certain that this species does not encyst in the 
human colon, where it lives in the amoeboid form alone. Its mode of trans- 
mission from host to host is still completely unknown. 

I hoped to solve some of the problems connected with Dientamoeba by 
a careful study of pure cultures, along lines similar to those followed in the 
other researches of this series. But my first cultivated strains, obtained in 1929, 
instead of clearing up difficulties presented me with new riddles. They soon 
showed me that my previous interpretation of the morphology of the organism 


1 This author reports 29 infections (36 per cent) in a small group of 80 asylum inmates in 
that country. 

2 Of 38 patients, 16 (42 per cent) were found infected. 

% Another unexpectedly high incidence of infection with D. fragilis has just been recorded by 
Sapero and Johnson (1939), who found 17 per cent among 129 recruits to the U.S. Navy. 

‘ I believe this to be the earliest record, but the statements in a preliminary paper (Hegner, 
i929—where the organism is called ‘* Dintamoeba’’) are ambiguous. 


Parasitology 32 
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was incorrect, and that D. fragilis—as I had long suspected—is no ordinary 
amoeba but a protozoon unrelated to the other amoebae living in the human 
bowel. Its true affinities seemed to be revealed, but it was obviously necessary 
to make sure by studying further material. This I have since done, more or 
less, and I can therefore present my conclusions now with some confidence. 
I am confident that I know very little about the life-history of D. fragilis, and 
that most of what has previously been written about this “amoeba”—by 
everyone—is wrong. 

During the progress of the present researches I have followed, with the 
keenest interest, the remarkable,work of E. E. Tyzzer (at Harvard, U.S.A.) 
on the protozoal parasite (Histomonas) which causes “blackhead” in turkeys. 
The bearing of this work upon Dientamoeba seems to have escaped the notice 
of everyone previously, but I shall try to demonstrate it in the following pages. 
At the beginning of my own investigations I was unable to study Histomonas 
personally, and was therefore forced to rely upon the descriptions of others: 
but by good fortune my friend Dr Ann Bishop later became interested in the 
same parasite—quite independently—and was able to supply me with excellent 
living material (here utilized) in 1937. Dr Bishop and Dr Tyzzer have both 
given me material and help—in ignorance of my intentions—which I now 
gratefully acknowledge. I shall say more of it anon. I am further indebted 
to two former colleagues, Dr E. A. Carmichael (London) and Prof. Wilson 
Smith (Sheffield), for data regarding patients mentioned in this paper. 

But my greatest assistance and greatest encouragement throughout have 
been derived from my good Swedish ally Dr RutrH Svensson—a most accom- 
plished and conscientious worker, ever inspired by the highest ideals; and to 
her I therefore dedicate this instalment of these Researches as a token of our 
friendship, and as an acknowledgement of my personal obligations. 





II. Notes on MATERIAL AND METHODS 


The material used for this work consisted chiefly of “pure” cultures of 
D. fragilis, derived from several different sources. These cultures were studied 
in great detail, and inoculated into various animals. Although the methods 
used were essentially the same as those already described, it is necessary to note 
a few particulars before recording the present observations and experiments. 


(1) Cultivation 


D. fragilis was probably first cultivated by Thomson and Robertson (1925), 
using the method devised by Boeck and Drbohlav in 1924 for EZ. histolytica. 
Apparently they were able to grow Dientamoeba for only a short period in 
poorly developing cultures heavily contaminated with Blastocystis. Well- 


growing strains, propagable ad libitum, and “pure” (i.e. unmixed with any 


other protozoa, or Blastocystis), were first obtained, I believe, by Dr Ruth 
Svensson and myself in 1929. Our success was briefly mentioned in the annual 
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Report of the Medical Research Council for that year,) and Dr Svensson has 
elsewhere recorded her own observations. I can add little to what she has 
already published as a result of considerable experience*—far exceeding 
my own. 

As noted by Svensson, D. fragilis is one of the easiest of the human 
intestinal amoebae to isolate and grow in vitro. It usually grows well in all 
the media which I employ for the cultivation of E. histolytica and E. coli.2 The 
richest growth is obtained in cultures containing solid rice-starch, on which 
it feeds voraciously. Starch-splitting bacteria must therefore be eradicated 
completely—also Blastocystis, in the presence of which D. fragilis can never 
be cultivated properly. Both these adverse factors can be eliminated by 
methods already described. The best media for cultivating Dientamoeba are, 
in my experience, those which I call ““HSre+S” and “Ehs+S”—solid slopes 
of inspissated horse-serum or egg, covered with dilute egg-white or serum in 
Ringer’s fluid, respectively, and supplemented with rice-starch. In HSre+S 
medium most of my strains have made abundant growth, and required to be 
transplanted only once a week (5-10 days). 

As with other intestinal amoebae of Man, it is important to maintain a 
constant temperature of 37-38° C., as D. fragilis soon rounds up and ceases 
to move and feed at lower temperatures. When cultivated in media containing 
starch, the amoebae are more resistant to cooling: and I have found by 
experiment that they can sometimes survive for as long as 24 hours in HSre +8 
medium at ordinary room-temperatures (15° C. or even lower). In Ehs medium, 
on the other hand, they usually perish, under similar conditions, in 12 hours 
or less. 

D. fragilis, however, can stand a temperature comparatively high, and 
even seems to like it. Most of my strains have been tested, and found to grow 
excellently at 40-41° C. For some strains, indeed, 40° C. appeared to be the 
optimum. This peculiarity will be referred to later, in another connexion. 

Dientamoeba seems able to tolerate a great variety of bacteria in its 
cultural environment, and apparently feeds on many different species. i have 
grown it in a mixed bacterial flora derived not only from the faeces of human 
beings, but also from those of macaques, kittens, and chickens. One of my 
strains (C. 13), derived from an experimentally infected chicken, and therefore 
accompanied by this bird’s caecal bacteria, was outstandingly excellent. 

In cultures D. fragilis feeds not only on bacteria but also, as already noted, 
on starch-grains. It will also ingest human red blood-corpuscles when these 
are added to the medium. I have already noted this elsewhere,* but now add 


the following further notes. 


1 See the Report for 1928-9 (London, 1930), p. 45. 

2 See Svensson (1935). It is there noted (p. 21) that after our initial success she was able to 
cultivate this amoeba from no less than 64 further human subjects. 

3 See Dobell and Laidlaw (1926), and earlier instalments of these Researches. 

* See Dobell (1931, p. 55, note) et alibi. 
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Red blood-corpuscles are not usually ingested immediately: when added 
to cultures of D. fragilis they are not taken up by the amoebae for many 
hours—in striking contrast to the behaviour of E. histolytica and E. coli. 
If the cultures are kept for longer periods (e.g. overnight, and examined next 
morning), however, it will usually be found that many individuals have ingested 
one or more corpuscles.! I have observed this phenomenon in all strains which 
I have hitherto studied carefully. D. fragilis, therefore, will certainly eat 
human red blood-corpuscles when available, though not as readily as E. histo- 
lytica and E. colt. 

(2) Strains cultivated 


For the present work I have used 8 principal strains of D. fragilis, derived 
originally from 3 human beings. No special search was made for this material: 
I acquired it fortuitously in the course of other investigations. 

As previously noted,” the first strains studied were isolated in “pure” 
culture from material brought to London from Sweden by Dr Ruth Svensson 
in 1929. She was then trying to isolate Balantidium from one of her patients; 
and as her attempts to obtain pure cultures had been unsuccessful, she brought 
two mixed primary cultures to my laboratory on September 2 of that year. 
Together we studied and propagated these further, and finally succeeded in 
obtaining pure strains of this ciliate from both. In the course of this work 
I also extracted and continued pure strains of Dientamoeba and Endolimazx nana 
from the same material.* I kept one of these strains (BRK.) of D. fragilis in 
continuous cultivation for over 6 months, and then abandoned it voluntarily 
after using it for numerous experiments. 

The transportation of this original material, in a viable state, from Vastervik 
(Sweden) to Hampstead (London) was a remarkable feat. The journey—partly 
by air—took 24 hours, and Dr Svensson must surely be congratulated on its 
accomplishment It appeared to me, at the time, almost impossible.‘ 

In the following year (1930) I obtained 3 other excellent strains of 
D. fragilis, by chance, from a British source. These I studied again carefully, 
and used to enlarge my earlier observations. Quite recently (1939) I acquired 
additional material by a similar accident, and it has once more enabled me 
to verify and extend my previous experiences. To cut a long story short, 
I give a list of the various strains, which I have hitherto isolated and studied, 
in the accompanying table (Table 1), which is elucidated by a few following 


1 Cf. Plate VII, fig. 46. 

2 Cf. pp. 419, 420, supra. 

3 I also obtained Enteromonas, but was unable to isolate it in pure culture. 

* Dr Svensson (1935, p. 25) has already described this exploit in another connexion, where her 
own skill and enterprise are modestly minimized. She prevented the cultures from cooling by 
keeping them in contact with her own body during the journey, while “the acid-producing 
activity of concomitant bacteria—whose fatal action I had been able to witness in Vastervik— 
was counteracted by pouring some NV/10 NaOH solution into the culture-tube a couple of times. 
No aseptic precautions could be taken in such circumstances.” It is remarkable, to say the least, 
that D. fragilis, E. nana, Balantidium, and Enteromonas, all survived this perilous experience. 
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notes. These data, with those briefly recorded in the next section (p. 424), 
will, I hope, supply the reader with all necessary information. I need add only 
that all my strains were protozoologically pure—proved to be free from all 
other protozoa, and Blastocystis, but accompanied by bacteria favourable for 
their growth. All were finally discarded while still growing luxuriantly, and 
could have been continued ad libitum. 


Table 1. Particulars of the principal strains of D. fragilis 
studied in the present investigations 


Date of Date when Period of 

Strain Host of origin isolation abandoned* cultivation 

BRE. Man (natural infection) 29. viii. 29 3. iii. 30 6 months 
(55) 

BS. Ditto 1. ix. 29 15. x. 29 14 months 
(19) 

C. 13 Chicken, experimentally 30. xi. 29 19. iv. 30 4% months 
infected with BRK. (50) 

CM. Man (natural infection) 23. vi. 30 5. xi. 30 44 months 
(50) 

CM?. Ditto 3. vii. 30 21. vii. 30 18 days 

(10) 

CM. Ditto 7. vii. 30 6. ix. 30 2 months 
(30) 

DHS. Man (2 juv.) (naturalinfection) 1. viii. 39 30. xi. 39 4 months 
(75) 

DHS*. Ditto 3. viii. 39 {still kept] 10 months 


* Figures in parentheses denote number of serial subcultures made before 
strain was voluntarily abandoned. 


Strains BRK. and BS. represent only 2 out of about 10 which were isolated 
and studied from 2 different stools from the same patient. That designated 
BRK. was one of aseries (BRA., BRD., BRF., BRS., etc.) in which the amoebae 
were the same but the accompanying bacterial flora was varied. They all grew 
excellently, but BRK. alone was cultivated for any considerable period—as it 
proved to be the best. Strain BS., likewise, was one of a similar series. The 
best of these was isolated by Dr Svensson (who designated it D.f.): she handed 
it over to me for further study when she left England (1. x. 29). 

Strain C. 13 was isolated from a chicken experimentally infected with 
Strain BRK. (The experiment is described on p. 443.) It was one of two 
strains cultivated from the same bird, and differed from BRK. in its accom- 
panying bacteria (which were derived from the chicken’s caecal contents). 
As this strain was particularly good, I made a special study of it. 

Strains CM., CM?., CM®. all came from the same human host, but were 
isolated on different dates and contained different bacteria. As the first proved 
to be the best for study, I devoted particular attention to it. 

Strains DHS. and DHS?. were obtained from the stools of another patient 
on two different days. The bacterial flora was diffe ent in them, but the 
amoebae identical. I kept the better of the two for the longer period, but 
studied both in detail. 
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(3) Human hosts of origin 


I here record a few particulars about the 3 persons from whom my main 
strains of Dientamoeba were obtained. As so little is yet known about the 
activities of this amoeba—which is believed by some workers to be patho- 
genic—it seems desirable to note these details, though they may be immaterial. 

Case 1, from which Strains BRK. and BS. (with their collaterals and 
derivatives) were obtained, was a patient in the mental hospital at Vastervik 
(Sweden). His infection was discovered by Dr Svensson in her survey of 
intestinal protozoa at this institution, where a very high percentage of the 
inmates was found infected with D. fragilis.1 The patient was also infected 
with Balantidium, Endolimax nana, and Enteromonas, though suffering from 
no intestinal disorder at the time; nor was there any record of his having done 
so in the past. I have no other noteworthy information about him. 

Case 2, the source of Strains CM., was a Scottish medical man who had 
seen active service in the last War. In 1915 he took part in the campaign in 
Gallipoli (as a combatant), where he suffered from “dysentery” (not more 
accurately defined) for which he was treated in various ways. (No details of 
these treatments are available.) As he continued to suffer from periodic 
intestinal disturbances (not dysentery) and abdominal discomfort for some 
years afterwards, he asked me to examine his stools for the possible presence 
of Entamoeba histolytica. I did so in June-July 1930, and found that he was 
infected with D. fragilis—but not E. histolytica—which I recovered in cultures 
3 times in the course of 5 examinations. The amoeba was found in only 2 of 
the 5 specimens microscopically, and there appeared to be no reason to 
associate it causally with the patient’s clinical symptoms. He was in good 
health when last heard of. 

Case 3, the origin of Strains DHS. and DHS?., was a little English girl 
of 12, who was born in China and had lived there all her life until coming to 
this country in 1939. I examined her stools for protozoa in August of this 
year at the request of one of my medical colleagues at the Institute, who 
kindly furnished the following data. She had had an attack of bacillary 
dysentery a few years previously, from which she recovered quickly on 
treatment with magnesium sulphate. She had also been treated with santonin, 
for a suspected Ascaris infection; and when 3 years old with various drugs 
for Enterobius [=Ozxyuris|—both of which worms appezred to be absent 
when I made my examinations. These were only 3 in number—l1 positive and 
2 negative microscopically, 2 positive and 1 negative culturally for D. fragilis. 
At the dates when they were made, the child showed no clinical signs of 
intestinal disorder. No other protozoa were discovered, and nothing else of 
present interest was elicited. 


1 See Svensson (1935). In this report the figures for Vastervik are not recorded separately, 
but it is there noted (p. 86) that of 136 patients taken at random in various Swedish asylums, 
no less than 78 (57-3 per cent) were found infected with D. fragilis. 
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(4) Experimental animals 


For the experiments described in this paper only a few animals were 
used—a man, 2 macaques, and a dozen chickens. The man was myself; and 
I have already noted, in previous instalments, the chief particulars of my 
natural and experimental infections with intestinal protozoa. It will therefore 
suffice to note here that at the time of the present researches I was uninfected 
with Dientamoeba,” but naturally infected with Giardia and experimentally 
infected with Endolimax and Trichomonas (both of simian origin). I had 
previously infected myself with Entamoeba coli (from M. rhesus), but this 
infection had died out: and I had also attempted—without success—to infect 
myself with Enteromonas from a macaque. 

The 2 monkeys employed were my tame macaques Susanna (M. sinicus 
=radiatus) and Rosa (M. rhesus = mulatta), whose histories and infections 
have already been described sufficiently. But I may note here once more 
that they were specially trained for these experiments, and completely docile 
in my hands. They were kept under conditions designed to prevent accidental 
infection with intestinal protozoa; their own natural and experimental 
infections were known and thoroughly studied; and they collaborated 
willingly—without the use of force or cruelty—in all my feeding experiments 
and inoculations. 

The only other animals used in the present experiments were chickens. 
These were newly hatched in an incubator, with special precautions to avoid 
infection with their natural intestinal protozoa, and sent to me the day after 
hatching.* I kept them in an electrically-heated hover, carefully isolated, with 
baked “‘cavings” for bedding. They were fed throughout on “No. 1 Victoria 
chick food” with grit (oyster-shell and charcoal) sterilized by heat (14 hours 
at 150° U., dry). This diet was supplemented later with dry mash—similarly 
treated. Pasteurized milk was given as drink. All chicks—with one doubtful 
exception—throve under these conditions. 

All chickens were inoculated per anwm in a manner similar to that which 
I use for kittens.* The inoculum was injected through a small glass tube—of 
suitable size, and made specially for the purpose—attached to a “‘ Record” 
syringe. All the inoculations were made in the hot-room at the Institute, 
where a temperature of 37° C. is constantly maintained, and with materials 
and apparatus previously warmed to this temperature. No difficulties were 
met with: in fact the chicks became so drowsy when kept at 37° C. that I was 
able to make the inoculations single-handed. Many of them fell asleep during 


1 See Dobell (1933, 1934, 1935, 1936). 

? Evidence for this statement will be presented presently: see p. 445 infra. 

% See Dobell (1929 [with Bishop], 1931, 1933, 1934, 1935, 1936). 

* The eggs were hatched at the Farm belonging to the Institute, and the chicks sent to me in 
a sterilized box when 24 hours old. I have to thank Maj. G. W. Dunkin, M.R.C.V.S., the Super- 
intendent at that date, for the trouble he took to supply me with this excellent material. 

5 Cf. Dobell (1931). 
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the operation or shortly afterwards. Further notes on these birds have been 
kept, but do not seem wortk recording. 


(5) Cytological technique 


In studying D. fragilis I have used most of the usual methods of fixation 
and staining, but make the following annotations here for the information of 
other workers. 

I would note, first, that it is extremely difficult to obtain really first-rate 
permanent preparations of this organism. Films made from stools are seldom 
satisfactory, as they invariably contain an abundance of abnormal forms. 
Cultures supply far more favourable material for study, but it is not easy to 
deal with cytologically. The richest cultures are obtained in media containing 
solid rice-starch; but the amoebae ingest the grains so voraciously that they 
become completely stuffed with them, and nuclear details are therefore 
obscured. The best preparations can thus be made from cultures containing 
sufficient starch to promote abundant growth, but not so much as to bloat 
the organisms. 

As the amoebae round up immediately on cooling, I have found it best to 
fix them at a temperature of 37° C._—making my preparations in the hot-room 
at the Institute, and using coverglasses, fixatives, etc., all previously adjusted 
to the same temperature. With rapid work, under such conditions, excellent 
films can be obtained. I have found the best fixatives to be sublimate-alcohol 
with acetic acid (Schaudinn’s fluid + 5 per cent glacial acetic acid) and Bouin’s 
fluid (original aqueous formula). 

By far the best stain, for the study of nuclear details, is Heidenhain’s 
iron-alum haematoxylin, though good preparations can be obtained by many 
other methods also (Hollande’s iron-chlorocarmine, Mayer’s haemalum, 
Mallory’s phosphotungstic-acid haematoxylin, etc.). With some strains, 
however, iron-haematoxylin methods are difficult to employ, because the 
amoebae are accompanied by bacteria which are intensely “siderophilic”. 
When the amoebae ingest these—as they usually do—their morphology is 
masked by the deeply-stained inclusions. I have surmounted this difficulty 
by devoting my attention chiefly to strains which happened to be free from 
these annoying complications (especially Strains C. 13 and DHS?.). Several 
other strains which would grow well only when starch was plentiful, and in 
which “‘siderophilic” bacteria predominated, I have found impossible to study 
cytologically. 

I hoped to elucidate various points in the cytology of Dieniamoeba (chro- 
mosome number, etc.) by the use of Feulgen’s “nuclea!” stain; but my hopes 
have been only partly fulfilled. This elegant method! has furnished me with 
certain information, however, which will be noted later. After numerous 
trials I have obtained beautiful “Feulgen preparations” of Dientamoeba by 
modifying the original technique. Following various indications in the works 


1 See especially Feulgen (1926). 
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of others, I now use potassium metabisulphite (K,S8,0;) in place of the 
“anhydrous sodium bisulphite” [NaHSO,?] generally prescribed for making 
up the several solutions. Films of Dientamoeba—fixed in sublimate-alcohol 
with acetic acid—should be well hardened in strong alcohol: hydrolysed in 
N/1 HCl at 60°C. for only 4-5 minutes: and stained in the reduced fuchsine 
solution for 3-5 hours. Light green or orange G is a good counterstain; and 
illumination with monochromatic green light gives a sharp image of chromatinic 
elements under an apochromat. 

In short, all good cytological methods yield good preparations of D. fragilis 
if they are employed with appropriate precautions and modifications. Common 
sense, and the skill acquired by practice, are needed for the study of this 
amoeba—which is not a suitable subject for the beginner. 


III. MorpHotogy AND DEVELOPMENT OF D. FRAGILIS IN CULTURES 


In this section I shall describe my observations on the structure and 
development of Dientamoeba in cultures. All strains which I have yet studied 
develop alike, and present the same morphology and stages when growing 
normally and investigated by good cytological methods. 

The morphology of D. fragilis, as seen in stools discharged from the human 
body, differs considerably from that observable in flourishing cultures. This 
is because most specimens in faeces are more or less degenerate, and therefore 
present no true picture of the singular structure of this delicate organism, which 
is extremely sensitive! to changes of environment (cooling, aeration, etc.) and 
consequently difficult to study accurately. Comparison of the forms commonly 
found in stools with those present in good cultures—growing under optimal 
conditions, and examined by the best cytological and optical methods— 
demonstrates this conclusively. 


(1) Trophic amoebae 
Dientamoeba fragilis is a small amoeba—usually about 7-12, in diameter 
when rounded—which is characterized by possessing, as a rule, 2 nuclei of 
peculiar structure. Uninucleate individuals also occur commonly, but less 
frequently. In my original accounts,? I described the nuclei as being alike in 
all forms, and having the structure shown in figs. 1-3 (Pl. VI): that is to say, 


1 It is noteworthy that several authors have objected to the specific name (fragilis, which 
Miss Jepps and I gave originally to this amoeba in 1918), on the grounds that it is “‘inappropriate’’, 
They evidently overlook the fact that all amoebae are frail (except those of the terricola-verrucosa 
group, which have thick skins). The fragility of Dientamoeba is no exception to the general rule, 
but I actually selected its specific name largely in order to prevent future confusion. At that 
date no other related organism bore it: and therefore no nomenclatural muddles—like those due 
to overworked names such as hominis and intestinalis—could arise from its introduction. I regret 
that my name has not met with general approval, but still consider it suitable. Anyway, it is 
impossible to change it now—as sundry writers have suggested : and the new spelling “‘ Diendamoeba”’ 
(Mollari & Anzulovic, 1938) is, of course, entirely unjustifiable. 

Jepps & Dobell (1918), Dobell (1919). 
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they are small vesicles, about 24 in diameter, bounded by a delicate membrane, 
and each having a clump of deeply-staining (chromatin) granules at its centre. 
These granules appear as a solid mass in overstained (iron-haematoxylin) 
preparations, but more or less separate in carefully differentiated individuals. 
Consequently I originally interpreted the entire central mass as a karyosome, 
composed of chromatin granules imbedded in a plastin matrix. Occasionally 
very minute granules are also seen in the nuclear membrane, and appear to 
be connected by excessively fine linin strands with the central “karyosome”. 

The nuclear structure just described is characteristic of the amoebae found 
in faeces; but it may also be seen in many individuals in old cultures, and in 
those which have been cooled artificially. When young healthy cultures are 
examined, however, by good cytological methods, the amoebae have a very 
different appearance. All binucleate individuals show the structure exhibited 
in figs. 4~7 (Pl. VI). The “karyosomes” are seen really to consist of clusters of 
discrete chromatin granules or blocks—not imbedded in plastin or any other 
ground-substance. Though often in contact, the granules appear to be otherwise 
disconnected, and not united by any radiating linin threads to the nuclear 
membrane. This, though extremely delicate, is achromatinic and uniform 
throughout. 

But the most striking difference between faecal amoebae and those found 
in cultures is that in the latter the two nuclei are always seen to be joined 
by a thread (figs. 4-8). This connecting fibre is not rigid, but bends with the 
movements of the amoeba, and the attached nuclei are able to swing freely 
round its ends—as is seen from the various positions which they adopt. 
(Cf. figs.) It is invisible in living specimens, owing to its tenuity and the 
numerous inclusions (bacteria, starch, etc.) in the cytoplasm; but it stains 
deeply with iron-haematoxylin, iron-chlorocarmine, haemalum, and phospho- 
tungstic-acid or ammonium-molybdate haematoxylin. With Feulgen’s stain it 
gives no “‘nucleal” reaction. (Cf. fig. 9, Pl. VI.) 

Careful study of the binucleate amoebae found in cultures reveals several 
other details of importance. In the first place, it is seen that the nuclei are 
not spherical but oval; and they are invariably attached to the extremities 
of the connecting thread at their more pointed ends (ef. figs. 4-8). At the 
point of attachment, moreover, there is sometimes a minute granule or knob 
at the tip of the thread, though this is not always visible (cf. figs. 4, 5, 6, 10, ete.). 
The thread itself varies in length and thickness, though it is always slender 
and only a fraction of a micron in diameter. When highly magnified it appears 
slightly rough or irregular—resembling a piece of string rather than a uniform 
fibre. It can therefore be readily distinguished from bacteria and other 
filamentar inclusions in the cytoplasm. 

Furthermore, the “chromatin granules” in the nuclei are not indefinite 
bodies: they have a certain relative size, number, and arrangement. As a rule, 


1 In Feulgen preparations, however, it is often visible, as it readily takes counterstains (light 
green, etc.). Cf. fig. 50, Pl. VII. 
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one of them is much larger than the rest, and one is very minute. The large 
one is usually crescentic or sausage-shaped, and it lies at the pole of the 
nucleus opposite to the point of its attachment to the connecting thread 
(cf. figs. 4, 5, 7, ete.). The other “granules” are more or less spherical— 
sometimes rod-like or oval—and generally lie close together and somewhat 
apart. After examining a very large number of nuclei critically, and making 
drawings of their contents with the camera lucida, I have come to the conclusion 
that there are usually 6 “granules” in every nucleus—1 very large, 1 very 
small, and 4 of intermediate sizes.1 Occasionally it is possible to make out 
only 5, and rarely I have clearly counted 7: but 6 is the usual number. 
Inspection of fi;s. 4, 5, and 7 will, I hope, make the matter plain. The number 
is often particularly well demonstrated in Feulgen preparations (fig. 9), 
though the relative sizes of the “granules” are not usually evident in specimens 
treated by this method—probably owing to the drastic effects of hydrolysis. 

The foregoing observations suggest at once that the “thread” uniting the 
two nuclei is a centrodesmus,? and that the “chromatin granules” are really 
chromosomes. That these inferences are correct I have now no doubt, as a result 
of detailed study of the other stages of development. I shall therefore employ 
these terms in describing the rest of the life-history. 

All normal binucleate amoebae, of every size, display the nuclear arrange- 
ments just described. Those in which the nuclei are disconnected and lie freely 
in the cytoplasm—as in faecal forms—are undoubtedly degenerate. The 
uninucleate individuals in cultures are, however, usually similar to those in 
faeces, except that the “chromatin granules” (chromosomes) of their “ karyo- 
somes ’—though often closely packed—are, as in normal binucleates, separate 
and not imbedded in a common matrix. As a rule, no trace of the thread 
(centrodesmus) uniting the nuclei of binucleates can be detected in these forms 
(cf. figs. 2 and 19). 

It must be emphasized that the binucleate amoebae just described—and 
illustrated® in figs. 4-7—are not dividing individuals (in any usual sense) but 
the typical adult trophic forms of this remarkable organism. During the major 
part of its life it lives and moves and feeds in this condition—with two sister- 
nuclei containing differentiated chromosomes and connected by a persistent 
centrodesmus. What would be regarded as a telophase stage of division in any 
other protozoon is the ordinary “resting” stage of Dientamoeba. Uninucleate 


1 They are usually difficult and often impossible to count accurately, as some of them are 
generally in contact and they rarely lie all in one plane. For these reasons it is also difficult to 
delineate them correctly. They can be studied satisfactorily only in first-rate preparations, and 
under the best optical conditions. 

2 This term was introduced—in a different connexion—by M. Heidenhain in 1894. For 
reasons which I have never comprehended, most English writers employ its German form “‘ centro- 
desmose’’. I follow E. B. Wilson (The Cell, 2 ed., 1906) in preferring the word used above— 
centrodesmus (formed regularly from xévrpov and decués). 

’ These figures, which are accurately drawn to scale, will give a better idea of the normal 
structure of D. fragilis than pages of description. The reader is therefore invited to study and 
compare them in detail before reading further. 
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individuals are immature forms—not adults, as in most other amoebae. As is 
obvious from their structure and smaller average size, they originate by 
division of binucleates. This process must now be described; and I should 
note, at the outset, that equal binary fission is the only kind of reproduction 
which I have ever observed in this species. 


(2) Division 
On various occasions I have been able to watch living amoebae divide 
into two. This can only be done satisfactorily with young cultures (12-24 hours 
after inoculation) studied at a uniform temperature (37-40° C.). The process 
is similar to that observable in many other protozoa, but presents a few points 
of interest. I can best describe it with the help of some rough sketches 
(Text-fig. A) which I entered in one of my note-books at the date of observation. 





Text-fig. A. Division of D. fragilis. Successive stages (a-g) sketched from life. 


An amoeba which is about to divide is usually large and full of food. The 
one depicted (Text-fig. A, a) was stuffed with starch-grains. After creeping 
about rather sluggishly, it came to rest and rounded itself up, with its contained 
starch massed in the middle (fig. 6). It remained in this state, showing little 
change of shape and no definite pseudopodia, for several minutes. It then 
slowly changed from a spherical to an oval form, and a slight medial con- 


1 These observations were made (10. xi. 29) on Strain BRK., serial subculture 33, growing 
in “‘Ehs” medium with starch. As implied above, the drawings were made freehand—im- 
mediately after the observations. They are therefore not accurately to scale, and have been touched 
up to make them suitable for reproduction. 
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striction appeared transversely to the longer axis (fig. c). At the same time 
the starch-grains were distributed into two roughly equal portions—one passing 
to either half of the organism. The constriction appeared and disappeared 
several times during the next few minutes. Finally it deepened suddenly, and 
little bud-like pseudopodia became visible at the extremities (fig. d). These 
were formed, withdrawn, and re-formed rather rapidly, and so appeared to 
run round the ends of the organism. Suddenly the two halves of the amoeba 
then drew apart—the entire protoplasmic mass assuming the shape of an 
hour-glass. At the same time the pseudopodia became like little fingers or 
flames—flickering at opposite ends (fig. e). And then in a flash the daughter- 
amoebae separated, though remaining connected by a strand of extreme 
tenuity for a fraction of a second—a strand which snapped and thus severed 
the two products instantaneously (figs. f, g). The final break reminded me 
vividly of a glass rod drawn out suddenly in the flame of a Bunsen burner. 
As soon as they were severed, the two products crept apart as typical little 
amoebae—all trace of their connexion vanishing almost immediately. The 
whole process occupied about 15 minutes. 

No nuclear details can be made out in the living organism, owing to the 
presence of food-inclusions and the streaming of the protoplasm. But every 
detail is visible in good stained preparations, so I illustrate a series of stages, 
like those just described, in figs. 10-16 (Pl. VI). Fig. 10 shows an amoeba 
rounded up and preparing to divide. Fig. 11 shows the organism elongated, 
with its 2 nuclei lying at opposite poles and the connecting thread (centro- 
desmus) stretched between them. In fig. 12 the medial constriction and the 
little pseudopodia are evident. Figs. 13-16 show later stages of separation. 
The final stages—corresponding with Text-fig. A f, g—are almost impossible 
to obtain in fixed preparations: but I have been fortunate enough to secure 
two very late stages,1 which are depicted in figs. 15 and 16. They show that 
the connecting strand is formed by the centrodesmus—at first invested by 
an isthmus of cytoplasm (fig. 15) but later naked (fig. 16). At the moment 
of fission the nuclei are dragged towards one another (fig. 16), and occupy the 
adjacent poles of the daughter-individuals—not opposite ends, as in other 
amoebae. Recently-divided amoebae always display the remains of the 
centrodesmus (figs. 17, 18). 

It will be seen that the nuclei remain unchanged throughout. They undergo 
no alterations characteristic of the telophases of an ordinary mitosis, and 
the uninucleate daughter amoebae (fig. 19) afterwards continue for some time 
to creep about and feed in the same nuclear condition. 


1 These are of Strain DHS?. All earlier stages depicted are of Strain C. 13, from which I was 
unable to obtain the final forms. Since writing the lines above I have succeeded in obtaining 
permanent preparations of the final stages by a new method which I hope to describe elsewhere. 
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(3) Nuclear division 


Division of the nucleus normally occurs in young individuals which have 
been formed by the cytoplasmic division of binucleate adults, as just described. 
It is therefore necessary to begin the description with the telophase stages— 
not the prophases, as is usual with ordinary protozoa. 

Telophases.—Amoebae like that shown in fig. 19 are the common uni- 
nucleate forms found in cultures, and correspond with the uninucleates (more 
or less degenerate—cf. fig. 2) usually discharged in the stools. They have lost 
all trace of the centrodesmus, but their nuclei still show 6 individualized 
chromosomes clustered at the centre. Sooner or later, however, the final 
telophase stages ensue, and the nuclei enter the true “resting” condition. 
The chromosomes become dispersed within the nuclear membrane (fig. 20), 
and pass towards the periphery (fig. 21). During these stages they are usually 
large, connected by “‘linin” threads (in fixed specimens), and easily countable. 
They then break up into granules, of variable number, and the nucleus thus 
appears to contain a network with small granules at the nodes (fig. 22). One 
of these granules—situated near the centre—then increases in size, while the 
others, at the periphery, gradually diminish (figs. 23, 24). Finally, the large 
granule! is seen to be a karyosome lying eccentrically, with the rest of the 
chromatin imbedded in a faintly granular form in the nuclear membrane 
(fig. 25). The karyosome is usually surrounded by a clear halo, and in strongly 
differentiated Heidenhain specimens (fig. 26) it appears to contain all the 
chromatin—the nuclear membrane being distinct but achromatinic. In 
Feulgen preparations, however, the membrane still gives a definite “nucleal” 
reaction (fig. 28). Occasionally two karyosomes are formed in place of the 
usual one (fig. 27). 

Amoebae with resting nuclei (figs. 25-28) do not remain long in this state, 
though they continue to feed and grow. Their nuclei soon divide into two, 
thus giving rise to typical adult binucleate individuals once more. 

Prophases.—The earliest stages of nuclear division may be seen in both 
large and small uninucleate amoebae, but they usually occur in small (recently 
divided) specimens. The prophases are complicated, and difficult to study 
owing to their small size, but I have obtained a complete series. Figs. 29-33 
illustrate the chief stages. 

The nucleus first enlarges and becomes spherical (cf. figs. 29-31), and the 
karyosome then breaks up into granules and threads which appear to be 
adherent to the nuclear membrane. An irregularly coiled filament is thus 
formed (figs. 29, 30), which resembles a ravelled net rather than a continuous 
spireme. It is studded with chromatin granules at certain points or nodes, 
and these ultimately emerge as definite chromosomes. In the final stages 

1 | was long under the impression that this larger granule was the large chromosome—already 
noted and figured—but I now believe this interpretation to be incorrect. I can find no conclusive 
evidence (in my preparations) to prove that the karyosome is derived from any particular 
chromosome. It appears, indeed, to arise independently. Cf. figs. 20-26. 
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(figs. 31, 32) they can be clearly counted (6), and one is again seen to be 
conspicuously larger than the rest. Another is usually very minute, while 
the remainder are of intermediate sizes. All have the form of granules or 
short rods. 

The chromosomes soon pass to the middle of the nucleus, and there 
become large and massive (fig. 33), and at the same time the nuclear membrane 
appears less distinct. At this stage the nucleus resembles a large vacuole 
containing a dense mass of deeply staining bacteria. Simultaneously the 
division-centre—the rudiment of the centrodesmus—first becomes clearly 
recognizable.! It appears as a short thin rod lying on the nuclear membrane— 
external to the nucleus, but seemingly adherent to its surface (cf. figs. 32, 33). 
The rod elongates and can be seen to pass over the chromosomes—not through 
them—as they form a closely packed equatorial plate disposed at right angles 
to it (figs. 34, 35). The chromosomes are too densely aggregated to count at 
this stage with certainty. The centrodesmus frequently has minute knobs or 
granules (? centrioles) at its ends, but these are sometimes indistinguishable. 
(Cf. figs. 34 and 35. In fig. 35 a “centriole” is visible at one end but not at 
the other; in fig. 34 at both ends.) 

The nucleus now becomes drawn out into a spindle (figs. 35-37), with 
the elongated centrodesmus lying—still superficially—in its long axis. The 
chromosomes then become dispersed, and can sometimes be clearly counted 
again. Fig. 37 illustrates the best specimen I have yet found, with all 6 (1 very 
large, 1 very small, and 4 of intermediate sizes) well separated and quite 
distinct. 

Metaphase.—The chromosomes do not divide, as would be expected, on 
the equatorial plate, but after the formation of the spindle: but details of 
their division—which is seemingly by constriction into two—are extremely 
difficult to distinguish and delineate. After division, however, they can be 
clearly seen again and counted (12). Fig. 38 depicts an unusually large 
specimen (many are very small) in which the chromosomes are particularly 
well separated. They soon segregate into 2 groups of 6 each (figs. 39-41). In 
large specimens the 2 large chromosomes are then usually very evident, but 
in small amoebae (figs. 40, 41)—which are most frequently found in cultures— 
both the sizes and the number of the chromosomes are often impossible to 
determine with accuracy. The specimen shown in fig. 41, however, shows 
12 chromosomes—in 2 groups of 6—with great clarity. These two small 
individuals (figs. 40 and 41) also show well the form of the “spindle” at these 
stages. It is really crescentic or semilunar in outline, with the centrodesmus 
running along its straight edge. 

Anaphases.—The centrodesmus now elongates (figs. 42, 43) and the 2 
daughter-groups of chromosomes separate and pass towards its ends. The 


1 It is doubtless visible at earlier stages, when it is smaller, but I have been unable to dis- 
tinguish it with certainty from other inclusions (cocci, small bacilli, etc.) which are also usually 
present in the cytoplasm around the nucleus, and often in contact with it. 














434 Intestinal protozoa of monkeys and man 


large chromosome is always very conspicuous during these stages—lying 
medially and separated from-the pole of the spindle by the 5 others, which 
are grouped together. The 2 large daughter-chromosomes thus at first lie next 
to one another at the centre, but gradually become separated by an increasing 
interval in the later anaphases (ef. figs. 42, 43). 

When the daughter-groups of chromosomes have reached the ends of the 
spindle (fig. 43), the nuclear membrane constricts in the middle, thus forming 
2 vesicles which remain for a moment connected by a very delicate thread 
(fig. 44). This soon snaps, and the daughter nuclei then separate, but remain 
permanently attached by their more pointed ends to the tips of the centro- 
desmus (fig. 45). The organism has now attained the stage first described 
(figs. 4-7)—the adult form which persists through all the trophic stages. It 
will be obvious that the chromosomes usually retain, for the rest of life, the 
positions which they assume in the early anaphases. 


After I had discovered all the stages just described, I re-examined my old 
preparations of D. fragilis made from human stools: and although most of 
the amoebae in these are degenerate—as already emphasized—I have been 
able to recognize among them (now that I know what to look for) many forms 
which I had previously overlooked or misunderstood. For example, I have 
now found faecal specimens in which the centrodesmus uniting the two nuclei 
is distinctly visible (though often obscured by bacterial inclusions): and I have 
found uninucleate amoebae with “resting” nuclei, and various stages—albeit 
degenerate—of the telophases, prophases, and anaphases.! I have therefore 
no doubt that the development which I have here described from cultures 
occurs also in the human body. It is impossible to observe it in this situation, 
but I am confirmed in my belief that good eultures—studied by good cyto- 
logical and optical methods—present a true picture of the life-history of 
Dientamoeba as it actually occurs in the intestine of Man.? 


(4) Aberrant forms 


Enough has already been said about the degenerate individuals of 
D. fragilis usually found in faeces, but I must add a few notes on the “freaks” 
which occur also in cultures. These are chiefly giants and dwarfs, and amoebae 
showing various anomalous nuclear conditions. 

Giant individuals, measuring up to 20u or more in diameter, may some- 
times be found. They are almost invariably uninucleate—unlike the similar 


1 In the original account of D. fragilis (Jepps & Dobell, 1918) it was noted (p. 355) when 
describing the “chromatin granules” in the nucleus that “frequently one of these. ..appears 
larger and more deeply stained than the others’’. This was, of course, the “large chromosome” 
more adequately studied in the present paper. 

2 Further support for this view may be found by analogy with the life-histories of EL. histolytica 
and E£. coli as observable in vitro and in vivo (Dobell, 1928, 1938). 











CLIFFORD DOBELL 435 


giant forms of other human intestinal amoebae.! A young individual (normal 
uninucleate) feeds and grows in the usual way, but its nucleus fails to divide. 
It then goes on growing and becomes stuffed with food, while its nucleus 
increases in size and the chromosomes become hypertrophied (fig. 51, Pl. VII). 
As it gets larger and larger, the chromatin breaks up into granules (fig. 52, 
Pl. VII) and finally the nucleus disintegrates—only a few granules scattered 
through the cytoplasm remaining distinguishable. The organism then de- 
generates further and dies. I have specimens showing every stage of this 
process clearly. 

Dwarfs (cf. fig. 8, Pl. VI), with diameters of only 3-4, are also to be found 
in cultures. They appear to be formed by rapid division, without intermediate 
growth, of normal individuals. Even the smallest often contain 2 nuclei. 
Most of these very small organisms also degenerate and die. They appear to 
be unable to feed, as their cytoplasm is usually free from all food-inclusions 
when their nuclei are breaking up—unlike giants, which remain gorged with 
ingesta long after their nuclei have disintegrated. 

Multinucleate individuals are sometimes found, but they are seldom of 
exceptional size. They are formed from binucleates which fail to divide. The 
nuclei become detached from the centrodesmus (fig. 47, Pl. VII), which after- 
wards breaks up and disappears; and one or both may then enter the resting 
state—with disappearance of the chromosomes and formation of a karyosome 
(cf. figs. 47 and 48, Pl. VII). If only one nucleus undergoes the final telophases 
(fig. 48), it may divide again—without cytoplasmic fission—thus giving rise 
to a trinucleate amoeba (fig. 49) containing one original nucleus and two 
daughter-nuclei united by their own new centrodesmus.2 When both of the 
original nuclei enter the resting stage, they may both divide, and thus form 
a quadrinucleate amoeba*® containing two pairs of daughter-nuclei (fig. 50). 
As here seen, the original nuclei do not usually divide simultaneously, so that 
quadrinucleates often have their nuclei in different stages of development. 
Very rarely one of the 4 nuclei may divide again, giving rise to an amoeba 
with 5 nuclei. I have never found specimens with more than this number. 

Multinucleate amoebae continue to feed and grow like ordinary individuals, 
but I have found no evidence to indicate that they can divide. I believe they 
ultimately degenerate and die. I have considered it unnecessary to give figures 
of all the other freaks which I have found, as they play no regular part in the 
life-history. 

1 Giants of Z. coli and E. histolytica are almost invariably multinucleate. Their nuclei divide 
repeatedly, without any fission of the cytoplasm, and they continue to feed and grow until they 
attain monstrous proportions and die. I have found such monsters—of both species—containing 
up to 40-50 nuclei, and measuring up to nearly 100, in diameter. The uninucleate giants of 
Dientamoeba have previously been observed by Wenrich and others in stools. 

2 Apparently a similar freak was demonstrated by Halawani (1930), who described it as 
“a binucleate form. ..with one of the two nuclei dividing.” 

% Such 4-nucleate individuals were originally found in faecal specimens (Jepps & Dobell, 


1918), but have since been noted as novelties by Bijlsma (1919), Brug (1936a), Wenrich (1939), 
and others. 
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(5) Interpretations 

From the foregoing descriptions it will, I think, be clear that D. fragilis 
is a very remarkable protozoon. It is radically different from other known 
binucleate amoebae—such as “‘ Amoeba”’ binucleata and Sappinia diploidea— 
in its nuclear arrangements. Its 2 nuclei are sister-nuclei, and they are not 
independent but united by a thread, which is shown by its genesis to be a 
persistent centrodesmus. For the major part of its life the organism lives and 
moves and feeds and grows in a nuclear condition which—compared with 
other protozoa—can only be described as an arrested telophase. Its nuclei 
contain individualized chromosomes (6 in number), and are not “resting” 
nuclei in the accepted sense. The true resting nuclei—comparable with those 
of other amoebae—have an entirely different structure, and are seen for only 
a brief period in young organisms. 

As shown previously, about 80 per cent of the amoebae found in human 
stools are usually binucleate, and only about 20 per cent uninucleate: but the 
proportions vary from stool to stool and from case to case.1 It is now clear 
that the relative numbers of the two forms—whether in faeces or in cultures— 
must depend upon the state of development at the moment of examination. 
When multiplication is proceeding rapidly, young (uninucleate) individuals will 
be more frequent: when no multiplication is taking place adult (binucleate) 
forms predominate.” 

This inference can be confirmed by studying the relative numbers of 
binucleate and uninucleate amoebae present in cultures of different ages. 
I have done this on many occasions, and give 2 counts—taken at random—in 
illustration of the yeneral findings (Table 2). The first culture (Strain C. 13) 
was young and actively developing. It contained dividing amoebae, and 
amoebae with dividing nuclei—all of which were excluded in making the 
counts. Degenerating individuals were negligible in number. The second 
culture (DHS?.) was very old—towards the end of its life—and contained no 
dividing forms, but many degenerating and dead. (Of the 600 amoebae 
enumerated, 106 were in this condition; and the percentages were therefore 


Table 2. Showing the relative numbers of uninucleate (1N) and binucleate (2N) 
individuals in a young and an old culture of D. fragilis 


No. of Per cent 
Age of Strain amoebae —--+—— 
culture (subcult. no.) counted 1N 2N 
40 hours C.13 (29) 500 52-2 47:8 
7 days DHS. (63) 600 11-5 88-5 


1 Cf. Jepps & Dobell (1918), p. 354. The percentages of uninucleates there recorded ranged 
from 15 to 24-5—20 being the mean for 1105 amoebae studied in § stools (3 cases). 

2 I may note that Hegner & Chu (1930) have advanced a “theory” which “accounts for the 
large percentage of binucleate specimens” though “the uninucleate condition may be considered 
normal for the species’’. Their views—in so far as they differ from mine—are not wholly clear 
to me: and I do not understand why the binucleate form, which occurs with greatest frequency, 
should be regarded as less ‘‘normal’’ than the uninucleate. 
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calculated for the 494 living.) It is notable also that in this culture many of 
the uninucleates had nuclei in the “resting” state (oval, with karyosomes and 
no chromosomes). 

Some 20 years ago I wrote: “It seems probable that the organism is, when 
full grown, binucleate; and that when division occurs, it consists in simple 
fission of the cytoplasm, resulting in the formation of two uninucleate daughter 
individuals. The nucleus in each of these divides into two during the growth 
period, thus giving rise to the adult binucleate form once more” (Dobell, 
1919, p. 123). This inference has been questioned by several writers; but it 
will now be evident to all, I think, that it was correct. 

Yet the most striking feature of Dientamoeba is not the number of its 
nuclei but its resemblance to certain other protozoa. Its “normal” nuclear 
apparatus is, in fact, almost exactly like that of a dividing flagellate. Its 
“resting” nucleus, its division-centre and well-developed centrodesmus (often 
with terminal blepharoplast-like bodies), and its whole method of nuclear 
division, suggest irresistibly that this “amoeba” is not an amoeba at all, but 
a stage in the life-history of a flagellate. Dientamoeba is, indeed, a typical 
flagellate except for the important circumstance that it possesses no flagella. 
I have been so impressed by this fact that I have made innumerable attempts 
to find flagellate stages, and to induce the amoeboid forms to grow flagella: 
but all my efforts have been in vain. No flagellate individuals have ever been 
found in stools, or in cultures subjected to a great variety of treatments 
(dilution or concentration of the medium, alterations of temperature, oxygen 
and hydrogen-ion concentration, salt-content, etc.). 

While examining my preparations of D. fragilis I have been repeatedly 
reminded of the dividing forms of T'richomonas, which I studied and described 
some 30 years ago.! Indeed, the nuclei, chromosomes, and centrodesmus in 
both genera are, at certain stages, extraordinarily alike. The flagellate to 
which Dientamoeba bears the most obvious resemblance, however, is not 
Trichomonas but Histomonas; but to make this clear it is necessary to say 
something further about this other very remarkable and interesting protozoon. 


CLIFFORD DOoBELL 


IV. A Digression ON HIsTOMONAS MELEAGRIDIS 


Histomonas meleagridis is a protozoal parasite of domestic fowls and 
turkeys. It was discovered in the latter by Theobald Smith (1895), who named 
it Amoeba meleagridis;? yet it is not a rhizopod but a flagellate, as was sub- 
sequently proved by Tyzzer, who renamed it Histomonas in 1920.° As a result 


1 See Dobell (1909). The division of T’richomonas has since been more accurately described 
by Bishop (1931), whose figures are worth comparison. 

2 This is the correct specific name—not meleagris, as written by Wenyon (1926), Kudo (1931), 
and others. The name is somewhat unfortunate, as the parasite appears to belong to the fowl— 
not the turkey: and moreover Meleagris (Me\eaypis) is properly not the name of the turkey but 
of the guinea-fowl. (Vide D’Arcy Thompson, Glossary of Greek Birds, 2 ed. 1936, p. 197 sq.) 

® See Tyzzer (1920). In this paper (published in March, 1920), the author himself dates 
the name 1919. 
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chiefly of the work of Smith and Tyzzer, and their associates, its life-history 
is now known in some detail. I do not propose to discuss all this work here, 
however, but only certain aspects of it which are relevant to the present 
researches. 

Histomonas now appears to be a common inhabitant of the fowl, in which 
it lives harmlessly in the caeca. Occasionally, however, it invades the tissues, 
and causes an enteritis or typhlitis. It may even go further afield—by the 
blood-stream—and colonize the liver, where it gives rise to an acute and 
sometimes fatal hepatitis. When turkeys become infected this is the usual 
result: they generally develop an acute enterohepatitis (commonly known as 
“blackhead”’) to which they soon succumb. The resemblances of this disease 
to human amoebiasis, and the parallel between H. meleagridis in the turkey 
and £. histolytica in Man, are too notorious to need any emphasis. 

But there are important protozoological differences between Histomonas 
and E£. histolytica. As already noted, Histomonas is a flagellate—not an 
amoeba: and it lives as a typical flagellate in its primary site of infection in 
the caeca (of both fowl and turkey). Yet singularly enough it loses its flagellum 
and becomes an “amoeba” when it invades the tissues. The tissue-invading 
forms, in both hosts and in both sites (caecal wall and liver), are amoeboid— 
thus justifying Theobald Smith’s original identification. 

H. meleagridis was first cultivated, from caecal contents, by Drbohlav 
(1924) and Boeck,” by the method which they used for LZ. histolytica. It has 
since been studied in cultures especially by Tyzzer (1934) and Bishop (1938). 
The latter also succeeded in cultivating it from the liver of an infected hen: 
and it is upon this material—Strain CL., already described by her—that most 
of my own observations have been made.* The following notes amplify, 
correct, or emphasize various points in the accounts of Tyzzer and Bishop, 
and correlate their findings with mine.* 

Histomonas can be cultivated in all the media which I have used for 
Dientamoeba and the other intestinal amoebae and flagellates of Man. It 
grows excellently in “HSre+S” medium, in which both amoeboid (non- 
flagellate) and flagellate forms occur. The organisms in good cultures display 
a remarkable resemblance to Dientamoeba: indeed, Tyzzer’s figures of living 
Histomonas (1934, Pl. 1V) would—apart from the flagella on a few individuals— 
pass easily as pictures of D. fragilis. There is no obvious difference in size, 
structure, or general appearance. It may also be noted that Histomonas ingests 


1 References to most of the work on this subject will be found in Tyzzer’s full account (1934) 
and the more recent paper by Bishop (1938). 

2 According to Tyzzer (1934, p. 215). So far as I can ascertain, Boeck has published nothing 
on this subject himself. 

3 See p. 420 supra. Dr A. Bishop very kindly gave me a culture of this strain on 11. ii. 37. 
I cultivated it further, and studied it in detail. 

* The recent work of Niimi (1936) may also be mentioned here; but his observations, so far 
as they go, do not appear to differ essentially from those of the authors cited—though his inter- 
pretations are, in some respects, at variance. 
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red blood-corpuscles in cultures'—like Dientamoeba?—though Bishop found 
that Strain CL. apparently lost this faculty on continued cultivation. 

Tyzzer’s various accounts of the flagellate forms of Histomonas are 
apparently based chiefly upon the unreliable evidence of dry films stained 
with Giemsa’s stain.? But Bishop (1938) has cleared up most of his difficulties, 
and I can confirm many of her observations. She has shown, at all events, 
that the organism normally possesses a single flagellum, and that specimens 
with 2 (or 4) are double (or quadruple) individuals like those commonly seen 
in other intestinal flagellates (Embadomonas, Enteromonas, etc.). Bishop has 
also described and figured the ‘“‘resting” nucleus of Histomonas—a stage which 
Tyzzer seemingly overlooked. 

My preparations consistently show that the normal “resting” structure 
of H. meleagridis is that exhibited in fig. 53 (Pl. VII).- It possesses a single oval 
nucleus, with a conspicuous karyosome, and a single flagellum attached to 
its more pointed end. The flagellum arises from a blepharoplastic complex 
composed of two (or more?) granules. The general arrangement of all these 
structures is shown in the figure, which represents only one out of hundreds 
of similar individuals in my slides. 

Although I call this the “normal” form of the flagellate, it is not the 
commonest. Most individuals have nuclei like those shown in figs. 54 and 55 
(Pl. VII). Their chromatin is not collected in a single karyosome, but distributed 
as scattered “granules” (fig. 55) or massed in a ball at the rounded end of 
the nucleus (fig. 54). All intermediates between these conditions may be 
found. 

Amoeboid forms—with no flagella, and behaving in every way like true 
amoebae—also occur commonly in cultures. Their nuclei differ in no essential 
feature from those of the corresponding flagellate individuals. Some have 
“resting” nuclei, with a well-developed karyosome (fig. 61, Pl. VII): others 
show discrete “granules” of chromatin (fig. 60): and others have their 
chromatin aggregated in a globular and granular mass (fig. 59). Intermediates 
also occur, and a blepharoplast may or may not be visible (cf. the figs.). 

The interpretation of these stages is not possible without knowledge of 
the division of the organism and of its nucleus, but unfortunately these have 
been incompletely described by Tyzzer and Bishop. Tyzzer has only partially 
described the nuclear division of the amoeboid forms from lesions and of 
flagellates in cultures (but not the fission of the organisms); while Bishop has 
given a fuller account of both nuclear and cytoplasmic division in the latter 
alone. Although both authors indicate that the nuclear division is a mitosis, 
they regrettably say almost nothing about its prophases, telophases, and 
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1 See Drbohlav (1924), Tyzzer (1934), Bishop (1938). 

2 Vide supra, p. 421. 

3 “While flattening and distortion of structure occur with the latter method, these features 
often work to advantage in the study of minute, closely placed structures” (Tyzzer, 1934, p. 227). 
But surely no protozoological cytologist, in 1940, can still believe that such primitive methods 
suffice for the study of a fragile organism like Histomonas. 
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other important stages.1 I have been able to study these in some detail, but 
it is not my purpose now to redescribe the whole process. I shall merely 
emphasize a few points of present interest. According to my observations, the 
prophases in Histomonas are similar to—but not identical with—those which 
I have just described in Dientamoeba, and many of the telophases are almost 
identical in both genera. During division, moreover, the centrodesmus is 
a most conspicuous and characteristic feature in Histomonas—as it is in 
Dientamoeba. It has been illustrated and described by both Tyzzer and 
Bishop.? 

I now invite the reader to compare my figures of Dientamoeba with those 
of Histomonas published by Tyzzer (1919, Pl. I) and Bishop (1938, Pl. VI). 
I think it will then be obvious that the dividing forms of the latter organism 
are closely comparable with the trophic (binucleate) amoebae of the former 
(my Pl. VI, figs. 4-7). It should be noted that not only the amoeboid forms of 
Histomonas in the tissues but also the flagellates in cultures are devoid of 
flagella at the time of division. As shown by Bishop (whose observations 
I can confirm), the flagellates lose their flagella before division, and they are 
then regenerated in the daughter-individuals after separation. I give two new 
pictures of late anaphase (PI. VII, fig. 62) and early telophase (fig. 63) stages 
in illustration. These may be compared particularly with my figures (Pl. VI, 
figs. 4, 5, 10, 45) of Dientamoeba. The arrangement of the centrodesmus and 
nuclei should be specially noted. 

The division of the organism is repeatedly referred to as “binary fission” 
by Tyzzer, but he has apparently never described the process. Bishop, 
however, has carefully observed it in the living animal, and has figured several] 
stages. Of particular interest is her discovery that, at the moment of fission, 
the daughter organisms remained connected for a moment by a slender strand 
which “snapped across” suddenly: and she was able to obtain permanent 
preparations which show that this strand is the centrodesmus (see her PI. VI, 
figs. 13, 14). The entire train of events is closely comparable with what I have 
seen in Dientamoeba at corresponding stages. 

In Bishop’s figures of the final stage of fission (her Pl. VI, figs. 13, 14), the 
nuclei of the daughter individuals are seen to be already in the resting state 
(with karyosomes). I have found similar stages—immediately before fission— 
and illustrate one in fig. 64 (Pl. VII). They undoubtedly occur, therefore. But 
Histomonas does not always divide in this nuclear condition: the final cyto- 
plasmic fission sometimes takes place with both nuclei in telophase—with 


1 Tyzzer, in his lengthy descriptions, makes no mention of either prophases or telophases. 
Bishop describes and figures only one prophase stage (her fig. 1, Pl. VI), which I interpret as 
really a telophase. Her whole description of the telophases is “‘The chromatin becomes aggregated 
into two irregular masses” and “‘the daughter nuclei rapidly take on the form of the resting nuclei” 
(1938, p. 189). This certainly leaves much to the reader’s imagination. 

? It must be noted, however, that Bishop calls the centrodesmus a “‘centrodesmose”’, while 
Tyzzer’s terminology is peculiar. He calls the centrodesmus a “ paradesmose’’, and the blepharo- 
plast-complex an ‘“‘extranuclear body”’. 
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individualized chromosomes still present, exactly as in Dientamoeba (see my 
fig. 65, Pl. VII; and compare it with fig. 16, Pl. VI). Amoebae with telophase 
nuclei and no flagella (fig. 59) are, I believe, formed in this way. Later, their 
chromosomes disperse (fig. 60) and the nucleus enters the “resting” state 
(fig. 61). These two figures should be compared with my figs. 2, 19, 20, 21 
(Pl. VI) of Dientamoeba. 

Tyzzer (1919, 1934) describes and depicts various “intracytoplasmic 
filaments” arising from the blepharoplast-complex of Histomonas, and Bishop 
has noted an “axostyle-like fibril” in some flagellate forms (see her fig. 3). 
This structure is obviously the remains of the centrodesmus—persisting after 
fission. Fig. 58 (Pl. VII) portrays a recently divided daughter-individual, with 
a short (newly formed) flagellum and its nucleus in telophase, and illustrates 
my interpretation. The figure is comparable with my figs. 17 and 18 (Pl. VI) of 
Dientamoeba. In Histomonas, however, relics of the centrodesmus may persist 
even after the nucleus has assumed the resting stage (fig. 57, Pl. VII)—a con- 
dition which I have never observed in Dientamoeba. 

Other “intracytoplasmic filaments”, rooted in the blepharoplast, are 
apparently interpreted by Tyzzer as rudimentary flagella or astral rays:! while 
Bishop describes the blepharoplast as connected with the nucleus by “a pair 
of fine rhizoplasts” (her fig. 2). This appears to be a misinterpretation of the 
drawn-out nuclear membrane seen in optical section (my figs. 54, 55, Pl. VII). 

‘That the lines passing inwards from the blepharoplast are not ‘internal 
flagella” or “rhizoplasts”, but the outlines of the nuclear membrane, is 
clearly demonstrated in badly fixed specimens in which the nuclear contents 
have contracted in a mass at one side (fig. 56). In short, I find no structures 
in Histomonas essentially different from those visible in Dientamoeba at 
corresponding stages: there is merely a difference in the times of their appear- 
ance and the degree of their development. 

Histomonas, like Dientamoeba, displays definite and obvious chromosomes 
during its mitotic stages. They have been observed by Tyzzer, but not 
accurately counted by him: indeed, he appears to regard their study as a 
hopeless proposition. Bishop, however, describes and figures them—at 
various stages—as “large, discrete granules” (later called “chromosomes” 
outright), and says they are 6 to 8 in number. I have spent much time 
attempting to enumerate them more exactly, but am not yet satisfied with 
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1 I confess that I cannot fully comprehend Tyzzer’s various descriptions and interpretations 
of these structures. In 1920 (p. 128), however, he states that he regards the “‘extranuclear body” 
and “radiating filaments” as “‘centroblepharoplast and intraprotoplasmic flagella’. 

2 “Distinct chromatin granules, evidently of the nature of chromosomes are seen in the 
successive stages of nuclear division, but the enumeration of these as well as the determination 
of other minute features of nuclear division have not been attempted on account of the difficulties 
and potential inaccuracies involved in interpreting structures so minute” (Tyzzer, 1934, p. 229). 
This is a “defeatist” attitude which I cannot share: and I may note that at an earlier date Tyzzer 
actually figured a stage in which “The nucleus presents eight deeply stained granules, evidently 
chromosomes” (my italics). See Tyzzer (1919) p. 29: Pl. I, fig. 12. 
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my findings. In Strain CL.—the only one I have yet been able to study—their 
number is certainly not less than 6 or more than 8: and I believe that 8 is the 
real value. I have counted this number repeatedly at stages where they are 
most favourable for observation—late telophases (figs. 55, 58, 60, Pl. VII) and 
prophase spindles.1_ The chromosomes show differentiation among themselves, 
but it is noteworthy that there is usually no exceptionally large one like that 
characteristic of Dientamoeba. 

To sum up: The division-stages of Dientamoeba closely resemble those of 
Histomonas, but the nuclear conditions are dissimilar. While the true “resting” 
nuclei are much alike, the trophic forms of the first correspond with dividing 
forms of the second. Histomonas possesses a flagellum, which Dientamoeba 
lacks; and this difference is reflected in the dissimilarity of their blepharoplastic 
structures. Moreover, the chromosome numbers are probably discrepant in 
the two organisms—6 in Dientamoeba, 8 in Histomonas: while those of the 
former display a differentiation unobservable in the latter. A final point of 
cytological interest may be seen in the circumstance that, in both organisms, 
the telophases occupy an inordinately long time in the life-cycle. Dientamoeba, 
as we have seen, may be regarded—in its “normal” binucleate form—as an 
organism arrested in a telophase.stage of mitosis; and the flagellates of 
Histomonas—also the amoeboid forms, when they occur—usually show 
individualized chromosomes, derived from a previous mitosis, in their nuclei. 
In both genera the prolongation of the telophases is associated with an 
unusually brief duration of the stage at which the nucleus remains at “rest” 
(in the accepted cytological sense, i.e. without chromosomes, and with most 
of the chromatin concentrated in a karyosome). 


It will now be evident, I think, that Dientamoeba and Histomonas are 
closely related: indeed, they are so closely related that I have often asked 
myself whether these two organisms may not really be the same—the obvious 
differences between them being explicable by the fact that they are usually 
found living in different hosts. In this connexion the further fact that 
Dientamoeba grows readily in vitro at high temperatures (40-41° C.) may also 
be recalled.? It is therefore of interest to ascertain whether Dientamoeba can 
live in the same environment as Histomonas; and, if so, what form it assumes 
under such conditions. Accordingly, I have made some experiments to 
determine whether D. fragilis can parasitize chickens, and these investigations 
must now be described.® 


1 There is a spindle-stage in the prophases and metaphase of Histomonas—like that of 
Dientamoeba (figs. 37, 38, Pl: VI); but it was apparently overlooked, and therefore not described 
or figured, by Tyzzer and Bishop. I have specimens in which the chromosome number—after 
their division—appears to be 16 (certainly more than 12, anyway, and not more than 16). 

2 Cf. p. 421 supra. 

% Workers in America have already recorded unsuccessful attempts to infect chickens with 
various intestinal protozoa from Man: but so far as I am aware nobody has previously tried to 
infect any bird with D. fragilis—the only species obviously worth studying in this way. 
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VY. ATTEMPTS TO INFECT CHICKENS WITH D. FRAGILIS 


For these experiments I had at my disposal 13 newly-hatched domestic 
chicks (Gallus gallus, Plymouth Rock variety), reared under conditions 
calculated to preclude infection with any of their natural intestinal protozoa.! 
I first divided them into 2 lots at random—6 used for the experiments (Nos. 4, 
5, 6, 8, 11, 13), and 7 kept under identical conditions as controls (Nos. 1, 2, 
3, 7, 9, 10, 12). 

When 5 days old, the experimental chicks were inoculated per anum with 
rich cultures of D. fragilis. Their droppings were not examined previously. 
After inoculation, I examined the discharges from their caecal contents 
whenever I could obtain them freshly evacuated. The examinations were 
always made both microscopically and culturally, and stale faeces—from 
uncertain individuals—were never studied. When the chicks were killed 
ultimately, a thorough post-mortem examination was made. The intestines and 
livers of every bird were carefully inspected, and the contents of both caeca 
were inoculated into separate tubes of suitable medium and investigated 
culturally. The same strain of D. fragilis (BRK.) was used in all experiments, 
but the culture-medium was purposely varied. Most chicks received cultures 
in ““HSre+S” medium, but in other cases “Ehs” or “Ehs+8” cultures were 
employed. 

The results of the first series of experiments are summarized in Table 3. 


Table 3. Attempts to infect 5-day chicks with D. fragilis (Strain BRK.) 
Experiments performed 24. xi. 29 


Serial No. No. of exams. Date when 
Chick of subculture after killed Post-mortem 

No. inoculated inoculation* Result (age in days) findings 

4 34 8 Negative 12. xii. 29 Negative 
(23) 

5 35 6 Negative 5. xii. 29 Negative 
(16) 

6 35 7 Negative 5. xii. 29 Negative 
(16) 

8 46 a Negative 10. xii. 29 Negative 
(21) 

il 35 5 Negative 4. xii. 29 Negative 
(15) 

13 46 ll Positive 21. xii. 29 Negative 
(32) 


* All examinations made both microscopically and culturally. 


It will be evident from this table that only 1 experiment in this series 
gave a positive result (Chick 13). The detailed findings from this bird were 
as follows: I made 3 negative examinations of its caecal evacuations after 
inoculation (25, 26, 29. xi. 29), but on 30. xi. 29 found D. fragilis present 
in abundance on microscopical study. A culture made from this specimen 


1 For further particulars see p. 425 supra. 
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produced a rich growth. On the following day (1. xii. 29) the findings were 
similar. I therefore imagined at first that I had succeeded in infecting this 
bird. But 2 days later both microscopical and cultural examinations were 
negative, and from 3. xii. 29 to 21. xii. 29 (when I killed it) all examinations 
failed to reveal any signs of infection (6 examinations). At the necropsy 
(21. xii. 29) the chick appeared completely clean and normal. No lesions were 
present in its gut or liver, and all micrgscopical examinations of its liver and 
intestines, and cultures from its caeca, yielded negative results. 

It is thus clear that Chick 13 contracted a transient infection with 
D. fragilis, which persisted for about a week and then died out 
spontaneously. 

The amoebae in the chick’s caecal evacuations, and in the cultures made 
from them, were all identical with those in the material inoculated (Strain 
BRK.). They were examined with great care—a special search being made for 
flagellate forms: but none were ever found. 

Two strains of D. fragilis were isolated in “pure” culture on the days 
when the chick was positive (30. xi. 29 and 1. xii. 29), and one of these (Strain 
C. 13) was kept and studied further in great detail.1 It was an excellent strain 
in every way, and I made 3 attempts to infect other chicks with it. All these 
failed, so I can summarize them very briefly (see Table 4). The birds used for 
these experiments were 3 of the clean chicks previously kept as controls 
(Nos. 7, 9, 12), and each received the entire contents of a single culture. 


> 


Table 4. Attempts to infect chicks (19 days old) with D. fragilis (Strain C. 13, 
7th serial subcultures in “ Ehs” medium). Experiments performed 8. xii. 29 


No. of examina- Date when 
Chick tions after killed Post-mortem 

No. inoculation* Results (age in days) findings 

7 5 Negative 17. xii. 29 Negative 
(28) 

9 4 Negative 19. xii. 29 Negative 
(30) 

12 4 Negative 17. xii. 29 Negative 
(28) 


* All examinations made both microscopically and culturally. 


As I failed to transmit Strain C. 13 to any of these chicks, and no others 
were then available except those kept as controls, I killed and examined these 
and discontinued the experiments. All control chicks proved completely 
negative for all protozoa (and Blastocystis)—showing that my precautions to 
prevent accidental infection were adequate. The examinations of the 4 control 
birds are summarized in Table 5. All examinations were, as before, micro- 
scopical and cultural in every case—cultures being made from both caeca of 
each individual. 


1 See p. 423 supra. 
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Table 5. Examinations of Control Chicks 


Chick Date when killed Result of post- 
No. and examined Age at death mortem examination 
1 23. xi. 29 4 days Negative 
2 5. xii. 29* MG Negative 
3 15. xii. 29 26 Negative 
10 21. xii. 29 a és Negative 


* Killed itself accidentally. 


Summary of the foregoing experiments.—Of 6 recently hatched domestic 
chicks inoculated per anum with rich cultures of D. fragilis (from Man), only 
1 contracted a transient caecal infection, which persisted for about a week. 
With cultures of a substrain derived from this chick, attempts were made to 
infect 3 others without success. Four control chicks kept during the same 
time remained completely free of all intestinal protozoa. 


These experiments did not yield conclusive results, but before discussing 
them it is necessary to describe others which I have made in an endeavour to 
transmit D. fragilis from man to man and from man to monkeys. The record 
of these follows. 


VI. ATTEMPTS TO TRANSMIT D. FRAGILIS TO MAN AND MACAQUES 


Hitherto I have been able to make only four attempts to .nfect men and 
monkeys experimentally with Dientamoeba. They were all made with trophic 
amoebae—no cysts or other forms being known; and they were all made with 
“pure” cultures (containing bacteria as well) administered per os or per anum. 
As nothing is known about the mode of infection of any host with this species, 
it is possible that it may enter the body through the mouth in an unencysted 
condition—like Trichomonas, but unlike other amoebae. My first experiments 
were designed to test this possibility. 


(1) Experiment with Man 


I performed this experiment on myself in April 1930. The essential data 
are as follows: 

From the end of 1906 until April 1930 (7.e. for a period of over 23 years) 
I had examined my stools for protozoa on numerous occasions—both micro- 
scopically and culturally. Many of the examinations were made in connexion 
with other experiments already reported, but these can now be ignored. The 
actual numbers of examinations recorded in my note-books (1906-1930) are 
353 microscopic and 157 cultural. All were completely negative for Dient- 
amoeba, and it may therefore.be concluded confidently that I was not naturally 
infected with this amoeba at the date of the present experiment. 


1 See Dobell (1933, 1934, 1935, 1936). 
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On 2 April 1930 I swallowed all the amoebae in a very rich culture of 
D. fragilis (Strain C. 13, serial subculture 46, in “HSre +S” medium, inoculated 
on 28. iii. 30 and incubated at 37° C. continuously). I mixed all the sediment— 
containing thousands of active and healthy amoebae, unknown bacteria, and 
rice-starch—with about 5¢.c. of pasteurized milk immediately before in- 
gesting it. To make sure that neither the milk nor the slight cooling involved 
in the procedure had killed or injured the amoebae, I left the tube which 
contained the mixture on my bench at room-temperature, and half-an-hour 
later inoculated the drainings into suitable medium. They produced a good 
culture on incubation. 

For the next 25 days (3. iv. 30-27. iv. 30) I examined my stools every day, 
both microscopically and culturally, with great care. Fixed and stained films 
were also made and searched systematically from time to time, in order to 
make certain of the findings! All examinations were completely negative for 
Dientamoeba, and I myself remained normal throughout. 

After this period I continued to examine my stools—on various dates, 
which are immaterial—for the next ten years.2 These examinations have 
likewise all been negative. Up to the time of writing (March, 1940) I have 
made altogether 213 microscopical examinations and the same number of 
cultural tests since I attempted to infect myself in April ‘1930. It is therefore 
certain, I think, that I failed to acquire infection with Dientamoeba as a result 
of this experiment. 

(2) Experiments with Macaques 


After performing the foregoing experiment on myself, I made two similar 
attempts to infect macaques. The subjects were my tame female monkeys 
Susanna (M. sinicus=radiatus) and Rosa (M. rhesus=mulatta). Both of 
these had been used for many other purposes previously,? but the essential 
data in the present connexion are as follows: 

Susanna was fed on a rich culture of D. fragilis on 19 April 1930. She had 
been under my continuous observation for nearly 6 years previously, and 
from 24 July 1924 to the date of the experiment her faeces had been carefully 
examined microscopically and culturally over 300 times. All examinations 
(339 microscopical, 254 cultural) were completely negative for Dientamoeba. 
She was therefore certainly uninfected, and a suitable subject for experiment. 
The culture fed was of Strain C. 13, 50th serial subculture, in “‘HSre+S” 
medium, incubated for 48 hours. The amoebae were given in milk, on an 
empty stomach, as in the previous experiment and with similar precautions. 

The course of the experiment was uneventful. I continued to examine 
Susanna’s faeces daily—both microscopically and culturally—for the next 


1 This was necessary, as I was at that date infected with Hndolimax nana (experimental) and 
Blastocystis (natural), whose presence made the search for D, fragilis more troublesome. 
The examinations have already been partly recorded in connexion with other experiments 
in these Researches. 


5 See earlier instalments of this series (Dobell, 1929, 1931, 1933, 1934, 1935, 1936). 
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3 weeks. All examinations were negative for Dientamoeba till 10. v. 30 
(21 consecutive negatives); so afterwards I examined her at irregular intervals 
—always with the same result. From 13. v. 30 until 10. iv. 37 (the day of her 
death, nearly 7 years later) I made altogether 162 further negative micro- 
scopical examinations and 161 cultural. Consequently, Susanna undoubtedly 
failed to acquire infection with D. fragilis after swallowing a large number of 
amoebae of this species. 

Rosa was fed with another rich culture of D. fragilis (Strain C. 13, 50th 
serial subculture in “‘HSre+S” medium, incubated for 4 days) on the same 
day as Susanna (19. iv. 30) and in the same way. She had been examined! 
for a period of about 3} years previously (October 1926 to April 1930) on 
333 occasions microscopically and 324 times culturally—always with negative 
results for Dientamoeba. She was thus certainly uninfected with this amoeba 
at the date of the experiment. 

After inoculation, I examined Rosa’s faeces microscopically and culturally 
every day for the following 21 days. All examinations were completely 
negative, and thereafter I continued to examine her at infrequent intervals 
for another 54 months (11 further negatives, culturally and microscopically, 
13. v. 30-2. xi. 30). It seems certain, therefore, that Rosa did not become 
infected with D. fragilis after swallowing a very large number of amoebae in 
excellent condition. 


As the foregoing experiments yielded no positive results, I made a further 
attempt to infect Rosa by a different method and with a different strain of 
the amoeba. This experiment was performed in November 1930, and will 
now be recorded. Rosa’s faeces had then been examined altogether 365 times 
microscopically and 356 times culturally (including the period of the earlier 
attempt) during the previous 4 years—invariably with negative results for 
D. fragilis. 

Rosa was inoculated per anum with this species on 2 November 1930. 
A rubber catheter was inserted into her colon, to its full length (ca. 12-5 in.), 
and through this all the amoebae in a very rich 3-day culture (Strain CM., 
in “HSre+S” medium, 48th serial subculture) were injected. The injection 
was made at 3.15 p.m., shortly after the monkey had been seen to defaecate 
spontaneously. She was kept under continuous observation afterwards, and 
retained all the inoculum until she settled down for the night (5 p.m.). I thus 
made certain that the injecta were not voided. 

After the inoculation I examined Rosa’s faeces, culturally and micro- 
scopically, every day for the next 4 weeks (3. xi. 30-30. xi. 30). All examina- 
tions were completely negative for Dientamoeba. 

From November 1930 until the day of her death in 1937—nearly 6} years 
later—I kept Rosa under continuous observation and examined her faeces 


1 As noted in previous instalments, many of the earlier examinations of this monkey were 
made by Miss Bishop, whose records are included in the figures given above. 
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many more times in the course of other experiments. Altogether I have 
recorded 172 microscopical and 169 cultural examinations made during this 
period (3. xi. 30-8. iv. 37)—all negative for Dientamoeba. There can be no 
doubt, therefore, that this amoeba failed to infect this macaque when intro- 
duced in large numbers directly into her colon. The experiment was a clean 
negative. 

Summary of the foregoing experiments.—Trophic amoebae in pure cultures 
of D. fragilis were ingested in large numbers by a man and 2 macaques 
(M. sinicus and M. rhesus), all proved to be uninfected previously. No 
infection followed. One of the macaques was subsequently inoculated per anum 
with similar material (of another strain) with the same result. As all experi- 
ments were followed up in great detail for a long period (7-10 years), the results, 
in these particular cases, appear conclusive. 


VII. Discussion. MorPHOLOGY, LIFE-HISTORY, AFFINITIES, 
MODE OF TRANSMISSION, PATHOGENICITY 


In the preceding sections I have described my own observations and 
experiments—avoiding, as far as possible, all discussion of the work of others. 
It remains, therefore, to consider this other work, to co-ordinate it with mine, 
and to draw general conclusions. I have read everything available which has 
hitherto been published on the subjects discussed, but will restrict my present 
analysis to essentials. 

First of all, it is necessary to understand the morphology and cytology of 
Dientamoeba—particularly its nuclear structure and method of division. Five 
years after the appearance of my original paper with Miss Jepps (1918), 
D. fragilis was redescribed by Thomson and Robertson (1923) and Robertson 
(1923). They agreed with most of what we wrote,! but interpreted the nuclear 
structure differently. According to these authors the nucleus contains “several 
chromatin granules, more frequently four or five in number, less frequently 
six or more, arranged in a circle or ring... .In the central clear area a dot or 
granule could usually be made out”. “It is possible that this centrally 
placed granule is the karyosome.”’ These interpretations were based upon 
faecal material, but later the same authors stated (1925) that “the nuclear 
structure is the same” in amoebae seen in cultures. Wenyon (1926) apparently 
took a similar view. 

Other interpretations have since been advanced. Kudo (1926) regarded 
the nuclear “granules” as constituting a “nucleolus”, but hardly clarified 
matters by adding that “it is not a true nucleolus, however”. Craig (1926), 
a little later, described* the “‘granules” as being usually 4 in number, and 


1 Thomson and Robertson consistently misdate our paper 1917. It is true we began our 
observations in that year, but our publication appeared on 29 April 1918. 

® The paper is illustrated by some diagrams which are not readily recognizable as pictures 
of D. fragilis. The description was not based upon the author’s own material but upon preparations 
made by Haughwout (faecal specimens) and St. John (cultures). 
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arranged in the form of a “tetracoccus”. Moreover, he considered that the 
nuclei were “practically identical” in amoebae from faeces and from cultures. 
It will be obvious that I regard all the foregoing conceptions as erroneous. 

A new conception of the nuclear structure of Dientamoeba was offered by 
Wenrich (1936), who interpreted the large chromosome as “the true karyo- 
some, or better, endosome”, and the other chromosomes as “equivalent to 
the periendosomal granules of other amoebae”. His own later studies of 
nuclear division (1939)—not to mention my own—have shown that such views 
are untenable, though it is not clear from Wenrich’s own statements that he 
has abandoned them. 

The division of the nucleus, and of the organism, have been described by 
Kudo, Brug, and Wenrich. All agree that nuclear division occurs in uninucleate 
individuals, but beyond this there is little similarity in their statements. 

Kudo (1926), who studied amoebae in stools only, describes and figures 
a process totally unlike that characteristic of Dientamoeba, but which bears 
a resemblance to corresponding stages of Endolimax nana. The fact that his 
patient was also infected with this amoeba may therefore explain some of his 
findings. It will suffice to add that he regarded D. fragilis as usually uni- 
nucleate'—not binucleate—and that he did not recognize the “resting” 
nucleus, the centrodesmus, or the chromosomes. 

Brug (1936, 1936a) has published two brief accounts of the nuclear division 
of D. fragilis as observed by him in cultures: he did not succeed in seeing the 
division of the organism itself. From his descriptions and sketches it appears 
that he undoubtedly saw several stages of the process (late prophase and 
metaphase spindles, and early telophases), but was unable to interpret them 
correctly owing to the employment of inadequate cytological and optical 
methods.” At all events, he evidently did not recognize that the division is 
a mitosis; he did not count the chromosomes accurately (according to him the 
“granules” are normally 3-7, but after division 6-14); he did not discover 
the true resting phase of the nucleus; and—strangest of all—he overlooked 
the centrodesmus completely. But he reobserved the large chromosome 
(“main granule”) in some individuals, though he suggested that those 
possessing it might belong to a different species. 

A much fuller description of the division of D. fragilis has since been 
published by Wenrich (1939), who appears to have studied amoebae in faecal 
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1 Hegner and Chu (1930) say that Kudo “counted the nuclei in 200 specimens and found 12-2 
per cent uninucleate’’. But he himself says that he examined 2000, and found 12-2 per cent 
binucleate—the remainder (87-8 per cent) being uninucleate. 

2 This is my inference from Brug’s figures and descriptions. Apart from the statement that 
his preparations were stained with Heidenhain’s haematoxylin he gives no indication of his 
technique. 

3 This is the more remarkable because Prof. Brug paid me a welcome visit on 29. x. 30. At 
his request I then demonstrated to him specimens of D. fragilis—which, as he told me, he had 
never seen previously. I also then gave him a good permanent preparation of my own, in which 
the centrodesmus was clearly visible in most of the individuals. 
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material only.1 Discrepancies between his observations and mine are readily 
explained by this circumstance. In his opinion “For the study of cytological 
details, intestinal protozoa obtained directly from the host are. . . preferable 
to those from cultures”. This statement contains an obvious element of truth. 
It is true that all the intestinal protozoa of Man would be studied best in 
their natural environment—the human bowel: but unfortunately we cannot 
examine them in this situation. Those which are discharged in the faeces have 
already left their normal habitat, and soon degenerate.? In good cultures, 
on the other hand, all stages can be obtained at will, and can be examined 
and controlled experimentally. For cytological studies, therefore, good 
cultures are preferable to faecal material. Evidence for this has been given 
repeatedly in previous instalments of these Researches, and is reinforced by 
that adduced especially for Dientamoeba in the present paper. 

I shall not attempt to discuss all Wenrich’s findings in detail, but will 
merely note the following important points. In the first place, it is clear that 
he discovered, in his faecal material, no stages of development which I have 
not found. But he did not observe the late telophases, the “‘resting”’ nucleus, 
and the early prophases. Without studying these it is obviously impossible 
to understand the development of D. fragilis. Moreover, Wenrich seems to 
have paid insufficient attention to the centrodesmus. He observed this 
structure in dividing individuals, but believes that it arises from an intra- 
nuclear® division-centre (which I cannot confirm): and he does not realize, 
apparently, that it is a permanent organ in the trophic binucleate amoeba. 
(He calls it a “‘ post-division desmose”’.) Nevertheless, he appears to recognize 
that the binucleate condition is normal.* 

I find it hard to reconcile all Wenrich’s statements with his figures, and 
my difficulties are increased when I try to understand his views regarding 
the chromosomes. He believes that only 4 are usually visible, but often 
observes (and frequently figures) more. The lack of clarity in his descriptions 
and figures is largely to be explained, I think, by the fact that most of the 
dividing organisms in his “material” were—as they usually are in faeces— 
more or less abnormal, with their chromosomes often clumped or fragmented. 
The abnormality of his amoebae is also seen in the final stages of division, where 
he failed to observe the characteristic behaviour of the centrodesmus: indeed, 
he even believed that it often disappears before cytoplasmic fission. Much of 


1 This is not specifically stated, unfortunately, by the author himself. All he tells us is that his 
“*material’’ consisted chiefly of “a series of slides prepared by Dr Robert M. Stabler”’. 
2 In his second paper, Wenrich (1937) describes “unusual morphology”’’ in amoebae from a 


particular patient. As his descriptions are all apparently based upon specimens in stale stools 
(several hours after evacuation), I find nothing unusual in them. Amoebae in old or artificially 
cooled cultures display similar abnormalities. 

® He even suggests that it arises from the large chromosome—a suggestion which seems to 
me fantastic. 

4 “Tt would seem that the binucleate condition is the one which provides the best physiological 
balance for this species’’ (Wenrich, 1939, p. 48). 
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the “variation” which Wenrich found in nuclear structure and chromosome 
behaviour seems to have been merely degeneration—as I think will be evident 
to anyone who takes the trouble to compare his figures with mine. At all 
events, my findings explain most of his, while his throw no additional light 
upon my own. . 

It is impossible, in my opinion, to understand all the complicated events 
of nuclear division in Dientamocba by a study of faecal specimens alone. Many 
stages do not occur at all in the discharged faeces, and of those which do the 
majority are always in a more or less degenerate state—as can be readily 
demonstrated by studying cultures under carefully controlled conditions. But 
I am content to let others judge whether my observations or Wenrich’s are 
the more complete, and which of us has adopted the better method. For my 
own part, I do not desire to emphasize the deficiencies in his account, being 
all too conscious of those in my own. I would rather express my admiration 
that he was able to discover so much in such unsuitable material. 

The absence of many critical stages from Wenrich’s series probably explains, 
[ think, his failure to realize the systematic significance of the nuclear structure 
and mode of division of Dientamoeba: for his study led him to make no 
suggestions regarding the affinities of this “amoeba”. As such suggestions 
arise spontaneously from my own observations, they must be discussed more 
fully. 

A ffinities.—Detailed study of its cytology and method of reproduction— 
described in earlier pages—has shown with great probability that D. fragilis 
is not related to any other known amoebae but to the flagellates. Its nearest 
known relative is Histomonas, to which it bears many striking resemblances; 
and there can therefore be little doubt that its true systematic position is 
alongside this organism. The main differences between them are (1) the 
possession of a flagellum, at certain stages, by Histomonas; (2) a difference 
in the time-relations of the events of nuclear and cytoplasmic division; 
(3) discrepancy in chromosome numbers (6 in Dientamoeba, 8 in Histomonas) ; 
lastly —and least important—a difference in the hosts which the two organisms 
usually inhabit. In short, the differences are, on the whole, of specific rather 
than generic magnitude: and if it should be found subsequently that D. fragilis 
has a flagellate stage in its life-history—a possibility which has not yet been 
excluded—then it might be necessary to consider whether Histomonas may 
not be really a synonym of Dientamoeba. 

Despite the fact that no flagellate stage is known in the life-cycle, the 
evidence is now, to me, overwhelmingly in favour of the view that Dientamoeba 
belongs to the Mastigophora—not the Rhizopoda. Originally I included it 
loosely among the “amoebae”—in ignorance of its development. But I 
hesitated to classify it more precisely, as it differed so obviously from all 
other known rhizopods. Other writers, however, were bolder. Nodller (1922, 
p. 205), for example, expressed the opinion that Dientamoeba is closely akin 
to the free-living amoeba Sappinia; while Wenyon (1926) and others have 
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included it in the Order Amoebida (fam. Amoebidae) together with Entamoeba, 
Endolimaz, and Iodamoeba. Calkins (1933), likewise, puts all these genera in 
one family (Endamoebidae), and Boeck and Stiles (1923, p. 125) even suggest 
that Dientamoeba is no more than a subgenus of Entamoeba. I need hardly 
say that all such misdirected shots at classification seem, to me, to fall very 
wide of the mark. 

Although I am satisfied that Dientamoeba is properly classifiable next to 
Histomonas, I find it still impossible to determine the exact position of these 
two organisms in the protozoal system. They are both obviously related to 
the Trichomonadidae, but how closely I am not prepared to guess. At present 
it seems best to suspend judgement until further data have been discovered. 

Mode of transmission.—How D. fragilis is transmitted from host to host 
is still a mystery, but the recognition of its true affinities suggests interesting 
possibilities. My own experiments, so far, have thrown little light upon the 
problem, but seem to justify further disquisition. 

I would emphasize, in the first place, two points of importance: (1) D. fragilis 
does not form cysts, and (2) it is not certainly known to live in any host but 
Man. It is true that “cysts” have been described by several workers (e.g. 
Greenway, 1928), while “precystic” stages and even “pseudocysts” have 
been found (cf. Wenrich, 1936). But it is safe to say that all such findings 
rest upon a misinterpretation of degenerate individuals. Many careful workers 
in many different countries have now studied scores of natural infections and 
thousands of cultures, but no one of us has ever found anything that could be 
plausibly interpreted as a cyst of Dientamoeba. To this may be added the 
probable fact that Histomonas—its closest relative—also has no cysts. 

As regards the second point, it must be remembered that D. fragilis has 
been recorded not only from Man but also from two species of Macacus 
(M. philippinensis by Hegner and Chu, 1930; M. irus [=cynomolgus] by 
Knowles and Das Gupta, 1936). But it must also be remembered that there 
is still no evidence to prove that the human and simian species are identical.* 
My own attempts—related above—to infect M. rhesus and M. sinicus with 
D. fragilis (from Man) were unsuccessful: I also failed to establish this organism 
permanently in chickens*—natural hosts of Histomonas. But I do not attach 
great importance to these few negative experiments. The only others—along 
similar lines—with which I am acquainted,‘ are those of Regendanz (1929), 

1 I do not know how it is possible to recognize “ precystic”’ forms of any organism whose cysts 
are unknown (or even non-existent). Moreover, I have no idea what Wenrich means by “ pseudo- 
cysts’ (written thus, in inverted commas, by himself). These terms, as applied to stages of 
Dientamoeba, are to me meaningless. 

* The identification rests solely upon the similarity of degenerate specimens found in faeces 
of both hosts. The similarity is undeniable. I have been enabled, by the kindness of Dr Das Gupta, 
to study the Dientamoeba of M. irus in fixed and stained material. 

3 Cf. p. 443 supra. 

‘I should mention that Mollari and Anzulovic (1938) have reported some unsuccessful 


attempts to infect kittens with “D. fragilis”: but as they say of the material used that “no 
amoebae showed two nuclei”, the identification appears very doubtful. 
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who claims to have produced a temporary infection in the rat by intrarectal 
inoculation of human faeces containing Dientamoeba. As rats are not known 
to be naturally infected with this organism, both the object and the inter- 
pretation of these experiments appear problematical. 

When we consider that Dientamoeba has now been found to occur in Man 
all over the world!—being even common in the inhabitants of some places— 
and is not certainly known to be able to live in any other animal, it seems 
reasonable to conclude that Man is its natural host. Nevertheless, it seems 
equally clear that D. fragilis cannot usually be transmitted from man to man 
by means of cysts—like most other intestinal protozoa. 

From its seemingly incomplete development in Man, and its supposed 
rareness (now disproved), I originally imagined that D. fragilis might be an 
organism “belonging to some host other than man, but capable of existing 
and multiplying in the human bowel” (Jepps & Dobell, 1918, p. 358). This 
now appears improbable. Yet it still seems equally unlikely that a delicate 
and unencysted organism like Dientamoeba can pass from man to man by 
direct oral contamination ;? and the only experiment which I have hitherto 
been able to make, to test this possibility, was conclusively negative.* 

How, then, is D. fragilis conveyed from one man to another? Comparison 
with Histomonas suggests the answer. One of the most remarkable results of 
the work on this flagellate by Tyzzer and his associates* is their demonstration 
that it is transmissible from bird to bird in the eggs of the nematode Heterakis 
gallinae. Though the stages in the worm’s egg® require elucidation, the fact 
that the protozoon is so transmitted appears to be conclusively proved by 
many careful experiments. On analogy with these findings* I therefore now 
suggest that D. fragilis may be conveyed from man to man in the ova of one 
or other of the nematode worms which commonly inhabit the human intestine 
in temperate climates. 

This hypothesis can obviously be tested by experiment. I had hoped to 
make the experiments myself, but unforeseen circumstances have denied me 
the opportunity. I can therefore only offer the idea to others, in the hope that 

1 Cf. Introduction, p. 418 supra. 

2 I am aware that some writers do not share this view. Halawani (1933), for example, says 
“It is most probable that this amoeba is directly transmitted from one individual to another 
by the ingestion of the vegetative forms, as in the case of T'richomonas hominis”’: and it must be 
conceded that the manifest relationship of D. fragilis to the Trichomonads now lends colour to 
this conception. 

® Cf. p. 445 supra. 

* See Tyzzer (1934) for the fullest account. Cf. also Niimi (1937). 

5 These stages were not discovered by Tyzzer, but have been studied more recently by Niimi 
(1937), whose account—in the short English form which is alone available—is not very satisfactory. 
The Japanese author, it may be noted, believes that Heterakis is a true intermediate host, and 
that it is necessary for normal transmission of the parasite: “without the worm—no blackhead 
disease.” 

* It is worthy of note also that Theiler and Farber (1936) have recently suggested that 
Trichomonas muris is similarly transmissible from mouse to mouse by oxyurids. The relationship 
of Trich sand Hist s has already been admitted. 
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they may succeed where I have failed. That the suggestion is not without 
foundation must, I think, be conceded. I can even adduce a few further facts 
in its favour. 

If D. fragilis is transmitted, like Histomonas, in the eggs of a nematode 
worm, we should find that persons infected with the protozoon also frequently 
harbour the helminth. I have had no opportunity of investigating this point 
properly, but note the following findings—mostly gleaned from the literature: 
(1) The case of Thomson and Robertson (1923) is incidentally stated to have 
been also infected with Trichuris (and earlier with Ascaris). (2) The children 
studied by Haughwout and Horrilleno (1920) were heavily infected with 
worms—their 3 cases harbouring D. fragilis being all parasitized by Trichuris, 
and 2 of them by Ascaris. (3) My Case 3 had been treated for “worms” 
(Ascaris and Enterobius, but not certainly diagnosed) before I examined her.! 
(4) Gittings and Waltz (1927), though they record no helminthic infections, 
found that all their children infected with D. fragilis showed a high degree of 
eosinophilia.” 

The foregoing facts appear suggestive. They suggest, to me, the advisability 
of thoroughly examining all persons infected with D. fragilis for a possibly 
concomitant infestation with nematodes. They even suggest that the nematode 
which may transmit D. fragilis is Trichuris trichiura (or possibly Ascaris 
lumbricoides). Trichuris is a much commoner parasite of human beings than 
is often supposed, but the demonstration of its presence is frequently extremely 
difficult—as I know from my own experience. Consequently it is by no means 
excluded that many cases of D. fragilis infection hitherto described were also 
infected with Trichuris, whose presence was either not recorded or not dis- 
covered. 

Surveys for intestinal protozoa seldom include helminthological findings, 
as these are usually made by different workers using different methods. Scraps 
of information from such records can, however, be picked up occasionally: 
and it may possibly be significant that Jepps (1921), who found 10 D. fragilis 
infections among nearly 1000 military patients examined at Southampton, 
also noted an unusually high incidence of Trichuris (15 per cent) in this 
group.? Svensson’s astonishingly high percentages of infection with D. fragilis 
in Swedish asylums—corroborated by similar records for Holland (Brug, 
19366) and Panama (Hakansson, 1937)—are paralleled by figures for Trichuris 
published in the United States. Caldwell, Caldwell, and Davis (1930) dis- 


1 Cf. p. 424 supra. 

? This is, of course, characteristic of helminthic but not of protozoal infections. Workers in 
America and elsewhere have found that eosinophilia usually accompanies heavy infestation with 
Trichuris. 

* I may also recall that the group of patients (1300) in which I discovered my first 3 cases of 
D. fragilis infection, was found—by protozoological examination alone, and without special 
search—to be parasitized to the extent of at least 4 per cent with Trichuris. Cf. Dobell, Gettings, 
Jepps & Stephens (1918). (The Dientamoeba infections were not described in this paper, but in 
the later report by Jepps & Dobell, 1918.) 
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covered a “strikingly high” incidence of infection with this worm (over 
80 per cent in certain wards, after 3-4 years’ residence) in certain asylums in 
Alabama: they also found that the majority of infections were acquired after 
entrance—as Svensson (1935) found with intestinal protozoa generally in 
mental hospitals in Sweden. The coincidence is noteworthy, at all events, and 
merits further investigation. 

It is notorious that the habits of lunatics and the conditions in mental 
asylums favour the spread of intestinal infections of all sorts. Consequently, 
it is not—at first sight—surprising that in such places particular protozoa 
and certain common worms should both be prevalent. The real problem is 
why Dientamoeba—which is noi, apparently, transmitted from host to host 
in the usual way by means of cysts—should be so common among persons 
exposed to infection with ordinary protozoa by the usual routes. 

My own ideas on this subject are complicated by a fact which Dr Svensson 
kindly permits me to record. After working in Swedish asylums for many 
years, and carefully studying the protozoal infections of the inmates, she has 
herself acquired an infection with D. fragilis—and with this protozoon alone. 
Although her patients were swarming with all the common intestinal protozoa 
—transmitted in the usual way—and she herself is a fastidiously careful 
worker living under hygienic conditions, she has contracted infection with the 
only protozoon whose method of transmission is unknown. Dr Svensson took 
all precautions to escape infection with intestinal protozoa, including D. 
fragilis, while | deliberately swallowed a very large number of amoebae of 
this species in an attempt to infect myself: yet she has become infected and 
I have not.! These are unexpected results for which I can offer no convincing 
explanation at the present moment. 

Pathogenicity.—A word may be added on this subject. Several recent 
writers (Gittings and Waltz, 1927; Wenrich, 1937; Hakansson, 1936, 1937; 
Mollari and Anzulovic, 1938) have supposed that D. fragilis is a pathogenic 
parasite, and have advanced evidence for their views. Some of this—especially 
the cases of Hakansson (1936) and of Gittings and Waltz, as supplemented 
by Wenrich (1937)—may appear at first sight impressive. Yet the evidence 
is not conclusive. Hakansson in his later paper (1937) is less confident than 
he was in his first title; and the liver-abscess in the patient of Gittings and 
Waltz (as reported by Wenrich, 1937) obviously loses significance when we 
read further that it was diagnosed as ‘“‘traumatic” and not subjected to 
proper protozoological investigation. It is true that many infections with 
D. fragilis have been found in sick people; but this does not incriminate the 
protozoon, because comparatively few persons in good health are studied 
protozoologically. Moreover, Svensson’s extensive records afford no support 
for the belief that this “amoeba” is pathogenic. All of her many infected 
patients were intestinally “normal”. I am aware that Wenrich, Stabler, 
and Arnett (1935) noted even more symptoms of intestinal derangement in 


1 Cf. p. 445 supra. 
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American college freshmen harbouring D. fragilis than in those infected with 
E. histolytica; but I agree with Sapero (1939) that the occurrence of a greater 
number of symptoms in such cases cannot be interpreted as evidence that 
D. fragilis is pathogenic. My own observations and experiments hitherto have 
given no indication that this organism is harmful to Man or any other host. 

Nevertheless, those workers who regard D. fragilis as pathogenic may now 
find some support for their belief in the demonstration that it is closely related 
to Histomonas—a parasite proved to be pathogenic to its natural and accidental 
hosts (fowls and turkeys respectively)—and that it ingests red corpuscles 
in vitro. I offer them this additional evidence, but am still unconvinced that 
Dientamoeba is harmful to Man. Had I shared their view, I would not have 
tried to infect myself with this organism experimentally. 


In conclusion, the question of chemotherapeutic treatment may be briefly 
noted. If D. fragilis is a flagellate, and not an amoeba as previously supposed, 
then “anti-amoebic” drugs should be ineffectual for its eradication. Yet 
Wenyon (1926) says that an infection “disappeared” after emetine treatment, 
and Gittings and Waltz (1927), Hakansson (1936, 1937), and Mollari and 
Anzulovic (1938) record “cures” after administration of emetine, yatren, and 
carbarsone. But insufficient evidence has hitherto been published in proof of 
these claims, and it is remarkable that Halawani (1933) discovered D. fragilis 
in a patient who had previously been treated with yatren; while Hakansson, 
who cures D. fragilis infections with surprisingly small doses of carbarsone, 
apparently found “new” infections in persons already treated with larger 
doses of the same drug. The whole question obviously requires reconsideration,} 
and the printed records of treatment clearly afford no conclusive evidence 
that D. fragilis is related to E. histolytica rather than to the flagellate protozoa. 


VIII. Summary AND GENERAL CONCLUSIONS 


1. The morphology and life-history of Dientamoeba fragilis, as observable 
in cultures, are described and illustrated, and the stages correlated with those 
commonly found in human faeces. 

2. The nuclear structure especially is reinterpreted, and nuclear and 
cytoplasmic division are described in detail. 

3. It is shown that the “normal” binucleate condition of this “amoeba” 
represents an arrested telophase stage of mitosis—the “granules” in the nuclei 
being really chromosomes (constant in number), and the strand connecting 
the nuclei being a persistent centrodesmus. The chromosome number is 
probably 6 (certainly not 4). 


? The work of Tyzzer and his associates, and of Niimi (1938), has hitherto thrown little light 
on the chemotherapy of Histomonas infections—certainly insufficient to suggest any hopeful line 
of attack on Dientamoeba. 
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4. Binary fission is the only method of reproduction hitherto observed: 
no cysts or other stages in the life-history have been discovered. 

5. Attempts to transmit D. fragilis to a man and 2 macaques (M. rhesus 
and M. sinicus) by administration of trophic amoebae per os—and in the case 
of M. rhesus inoculation per anum—were unsuccessful. It was also found 
impossible to infect chickens permanently by injection per anum (though one 
chick acquired an infection lasting for a week). 

6. Consideration of its cytology and development leads to the conclusion 
that D. fragilis is not a true amoeba but an aberrant flagellate closely related 
to Histomonas. No flagellate stages, however, have yet been discovered. 

7. Some consequences of this conclusion are briefly discussed, and hopeful 
directions for further inquiries are indicated. 

8. On analogy with Histomonas, it is suggested that D. fragilis may be 
conveyed from man to man not by direct oral infection with trophic forms but 
in the ova of a nematode worm—possibly Trichuris (or Ascaris?). 
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EXPLANATION OF PLATES VI AND VII 


All figures depict fixed and stained specimens. Magnification 2000 diameters (2 mm.=1 ,) 
throughout. Drawings made with camera lucida under Leitz 2 mm. apochromatic oil-immersion 
objective (N.A.=1-40) with compensating oculars and an aplanatic and achromatic condenser. 
Organisms stained by Feulgen’s method were drawn under illumination by monochromatic green 
light (structures shown in black are reddish purple in original). 

Unless the contrary is explicitly stated, all specimens were fixed with Schaudinn’s sublimate- 
alcohol +5 per cent acetic acid. 


PLATE VI 


All figures, unless the contrary is noted, portray Dientamoeba fragilis (Strain C. 13) from 
cultures, stained with Heidenhain’s iron-alum haematoxylin. 


Fig. 1. Binucleate amoeba from human faeces (Case 1, Jepps and Dobell, 1918). 

Fig. 2. Uninucleate individual from same case. 

Fig. 3. Binucleate from another infection (Case 4, Jepps and Dobell, 1918). 

Figs. 4-7. Binucleate (normal trophic) amoebae from cultures, showing various appearances of 
nuclei and chromosomes, centrodesmus, etc. 

Fig. 8. Unusually small binucleate specimen. 

Fig. 9. Normal binucleate, stained by Feulgen’s method. Note the 6 chromosomes in each 
nucleus. (Strain DHS?.) 

Figs. 10-16. Successive stages in division (equal binary fission). Note persistent chromosomes, 
and behaviour of centrodesmus. (Figs. 15, 16, Strain DHS?., fixed in Bouin’s fluid.) 

Figs. 17, 18. Recently-divided amoebae, showing remains of centrodesmus attached to nucleus. 

Fig. 19. Typical uninucleate amoeba, with early telophase nucleus (individualized chromosomes). 

Figs. 20-25. Successive later telophase stages: formation of resting nucleus. 

Fig. 26. Large individual with fully-formed resting nucleus, containing a single large karyosome. 

Fig. 27. Similar individual: nucleus with 2 karyosomes. 

Fig. 28. Small amoeba with resting nucleus. Feulgen’s stain. (Strain DHS.) 

Figs. 29-37. Successive prophases: formation of chromosomes (29-32), division-centre and centro- 
desmus (32-37), equatorial plate (33-36), and nuclear spindle (35-37). Note the 6 chromo- 
somes in fig. 37. 

Fig. 38. Spindle at metaphase: chromosomes divided. (Note the number—12.) Strain DHS*. 
Fixation, Bouin’s fluid. 

Figs. 39-43. Successive anaphases—in large (39), small (40, 41), and medium-sized (42, 43) 
individuals. Note large chromosome, and its position, in figs. 42, 43. 

Fig. 44. Early telophase: constriction of spindle into 2 daughter-nuclei. (Note connecting thread.) 

Fig. 45. End of nuclear division, with 2 daughter-nuclei attached by their more pointed ends to 
the tips of the centrodesmus. Note orientation of nuclei and chromosomes, and compare 
with figs. 4-7. 


PLATE VII 


Figs. 46-52 are of Dientamoeba fragilis, from cultures (Strain C. 13), stained with Heidenhain’s 
iron-alum haematoxylin—unless the contrary is stated. 
Figs. 53-65, Histomonas meleagridis (Strain CL., Bishop), stained with phosphotungstic-acid 
haematoxylin (unless otherwise noted). 
Fig. 46. Ordinary binucleate amoeba (D. fragilis, Strain BRK.) containing ingested red corpuscles 
(human). Stained haemalum and eosin. 
Fig. 47. Aberrant binucleate, with centrodesmus detached (lower nucleus) and nuclei entering 
“resting”’ stage. 
Fig. 48. Aberrant binucleate individual with one nucleus (lower) in “resting” stage and no 
centrodesmus. 
Fig. 49. Trinucleate amoeba (Strain DHS?.), formed by division of one nucleus in a binucleate. 
(Fixed Bouin’s fluid.) 
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Fig. 50. Quadrinucleate amoeba (Strain DHS?.), formed by division of both nuclei in a binucleate. 
Daughter-nuclei in different stages. (Feulgen’s stain, light green.) 

Figs. 51, 52. Successive stages in formation of a uninucleate giant amoeba, showing hypertrophy 
of nucleus, etc. 

Fig. 53. ‘“‘Normal’’ form of Histomonas meleagridis, with “resting” nucleus and single flagellum. 

Figs. 54-56. Flagellates showing various nuclear conditions (persistent telophases) commonly 
seen in cultures. (In fig. 56 the chromatin is artificially dislocated towards the left side of 
the nucleus.) Fig. 55 shows the 8 telophase chromosomes. (54 and 56 fixed Bouin’s fluid.) 

Figs. 57, 58. Flagellates showing remains of the centrodesmus—persisting after fission. Fig. 58 
(earlier stage) shows nucleus in telophase (8 chromosomes visible). In fig. 57 (later) the 
nucleus is in the “resting” stage, and the relic of the centrodesmus appears as a shorter 
filament. (57 fixed Bouin’s fluid.) 

Figs. 59-61. Non-flagellate forms (amoebae) of H. meleagridis, showing various nuclear conditions 
seen in cultures. Figs. 59, 60, nuclei in telophase (8 chromosomes visible in 60): fig. 61, 
“resting” nucleus, with karyosome. (59 fixed Bouin’s fluid.) 

Figs. 62-64. Stages of nuclear division. Fig. 62, late anaphase: fig. 63, early telophase. In fig. 64 
both daughter-nuclei are re-formed and in the “resting” stage. Note especially the well- 
developed centrodesmus and blepharoplasts, and absence of flagella. (62 fixed Bouin’s 
fluid: 64 stained Heidenhain’s haematoxylin.) 

Fig. 65. Final stage of cytoplasmic fission, with formation of two daughter-amoebae. Note the 
centrodesmus connecting the two individuals, and early telophase nuclei. Compare with 
Pl. VI, figs. 15, 16. 


(MS. received for publication 17. v. 1940.—Ed.) 
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ON MYCETOSPORIDIUM JACKSON AE N.SP. PARASITIC 
IN SPECIES OF SITONA WEEVILS 


By P. TATE 
From the Molteno Institute, University of Cambridge 
(With Plates VIII and IX, containing Figs. 1-23) 


In 1928 Miss Dorothy Jackson observed some bodies which appeared to be 
parasitic in the gut and malpighian tubules of weevils of the genus Sitona. 
Some slides of sections containing the bodies and a few living weevils which 
were considered likely to be infected with the parasite were sent to Prof. D. 
Keilin for examination. Prof. Keilin confirmed the parasitic nature of the 
bodies and recognized that they were stages in the development of a Protist 
resembling Mycetosporidium talpa which was described by Léger & Hesse (1905) 
and is parasitic in the weevil Otiorhynchus fuscipes Ol. 

The few infected weevils obtained by Prof. Keilin from Miss Jackson were 
sectioned and mounted and, as since then no more weevils infected with this 
parasite could be found, Prof. Keilin generously placed the available slides at 
my disposal for as complete a study of the Protist as the limited material 
permitted. The material consists of sections of the intestine and malpighian 
tubules of three or four infected weevils. All the slides have been stained with 
Heidenhain’s iron haematoxylin, but particulars of the method of fixation are 
rot now known. It is unfortunate that neither fresh material nor smear prepara- 
tions could be examined as without them it is not possible to elucidate some 
points in the morphology of the parasite or to determine the full life cycle. 

Study of the slides has shown that the parasite in the specimens of Sitona 
weevils resembles Mycetosporidium talpa Léger & Hesse 1905, although it 
differs from that species in some characters. It has therefore been decided to 
assign the parasite of Sitona to the genus Mycetosporidium, but to erect a new 
species for it and to name it Mycetosporidium jacksonae. 

Mycetosporidium jacksonae n.sp. The parasite occurs in the tissues of the gut 
and in the malpighian tubules of the infected weevils and the infections may be 
extremely heavy. In stained preparations of heavily infected tissue the most 
obvious feature is the presence of masses of spores which have stout resistant 
walls that stain a dense black with iron haematoxylin (Fig. 4, s.). These masses 
of spores may be definitely intracellular, they may be free in the lumen owing 
to rupture of the infected cells, or they may appear to be intercellular owing to 
the breakdown of neighbouring cells (Figs. 15-18). In addition to these masses _ 
of spores, plasmodia of various sizes and of varying appearance are present: 
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(1) small plasmodia containing one, or few, large nuclei (Figs. 3, 5, 6, 7); 
(2) larger plasmodia with many small nuclei (Figs. 19, 21); (3) large, vacuolated 
and ramifying plasmodia with many comparatively large nuclei (Figs. 1, 2); 
and ,:) compact, dense, multinucleate bodies (Figs. 8, 9, 10). Insome specimens 
various plasmodial stages may be found without any spore formation. 

In intestinal infections the early stages of parasitic invasion occur near the 
basement membrane (Figs. 3, 5, 6, 7). The later stages of plasmodial develop- 
ment and spore formation are especially prevalent in the areas between the 
nests of replacement cells where the parasites tend to extend towards the lumen 
of the intestine in broadly conical formations (Figs. 16, 19, 20). The early 
stages are usually distinctly intracellular and often young plasmodia are 
present in very immature replacement cells of the intestinal epithelium. The 
developing plasmodia are carried towards the lumen of the intestine by_the 
growth of the replacement cells and are finally released into the lumen in the 
form of compact, multinucleate, schizont-like bodies, or as masses of thick- 
walled spores. The boundary between the cytoplasm of the host and parasite 
is often indistinguishable. The nucleus of the host cell may be much distorted 
by pressure exerted by the growing parasite but it usually remains distin- 
guishable, although degenerate, even in cells nearly completely destroyed by 
the parasite. 

The malpighian tubules may be extremely heavily infected and in places 
masses of spores or large, vacuolated plasmodia completely replace the tubule 
cells. Infected cells of the malpighian tubules may bulge into the lumen of the 
tubule. Later these cells, together with the contained parasites, are shed and 
lie free in the lumen. All the stages of development which occur in intestinal 
infections are also found in cells of the malpighian tubules. 

The youngest stages of the parasite that have been seen are small plasmodia 
with finely granular cytoplasm and one or two comparatively large nuclei 
(Figs. 3, 5). These large nuclei are ovoid or spherical and are bounded by a 
very thin nuclear membrane. There is a large and conspicuous karyosome 
which appears to be non-homogeneous and to consist of siderophilic and 
achromatic portions. A few very faint strands extend from the karyosome to 
the nuclear membrane. No siderophilic substance is visible in the nucleus 
except that contained in the karyosome. 

Five distinct types of development of the plasmodia are present in the 
material studied. It will be convenient to describe these five types of develop- 
ment first and then to discuss their possible significance in the life cycle of the 
parasite. 

The five types of development are: 

Type “a” development. The large, much vacuolated, ramifying plasmodia 
are most developed in the malpighian tubules. They contain numerous nuclei 
of varying sizes and, over large areas of the tubules, these large plasmodia 
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completely permeate, or even replace, the host tissue (Figs. 1, 2). Within the 
extensive and coarsely vacuolated cytoplasm of these plasmodia islands of 
denser non-vacuolated cytoplasm, each containing one to many nuclei, are 
formed. These islands appear to arise by aggregation and condensation of 
cytoplasm around one or more nuclei. These bodies finally have the form of 
compact, multinucleate masses, resembling coccidian schizonts, lying within 
the plasmodia (Fig. 2). The nuclei of the plasmodia and of the schizonts are 
comparatively large and the karyosome tends to be ovoid and eccentric. The 
schizonts are spherical or ovoid and are 10-15 across when mature. 

Type ‘“b” development. Plasmodia may also grow as dense organisms with 
large nuclei of which the karyosome is ovoid and eccentric (Figs. 6, 7). In these 
plasmodia the volume of the cytoplasm is small compared with the number and 
size, of the nuclei. Young plasmodia of this type often occur in rows near the 
basement membrane of the intestine and it is possible that they may be the 
early stages of one, or all, of the various types of development, differentiation 
taking place as growth proceeds. Some of the young plasmodia are carried up 
towards the lumen of the gut within the infected cells. They remain compact 
and ovoid, or nearly spherical, masses in which successive nuclear divisions give 
rise to very numerous small nuclei (Figs. 8, 9, 10). They differ from the schizont- 
like bodies formed in type “‘a” development by having more numerous and 
much smaller nuclei. Often they may cause deformation of the nucleus of the 
host cell by pressure without destroying it (Fig. 8). When fully formed they 
are about 7-10 in diameter and they are released into the lumen of the gut or 
the duct of the malpighian tubules by rupture of the host cell. 

Type ‘“‘c” development. The plasmodia which develop into thick-walled 
spores usually grow as bluntly conical masses resting on the basement mem- 
brane of the intestine or of the malpighian tubules (Figs. 19-21). The cytoplasm 
is very finely granular and within it are developed very numerous small nuclei. 
Soon there is evident a tendency for the cytoplasm to segregate around the 
individual nuclei with the result that the parasite appears to be a loosely 
connected aggregation of uninucleate bodies (Fig. 19). These uninucleate bodies 
become separated and undergo nuclear divisions so that collections of small 
plasmodia are formed. These small plasmodia are polygonal owing to mutual 
pressure and each contains one to eight, or more, small nuclei (Figs. 20, 21). 
The aggregation of small plasmodia lies within a sporangium with a thin 
membranous wall from which trabeculae extends inwards to isolate the 
individual plasmodia in thin-walled chambers (Fig. 20). Within the chambers 
the plasmodia become rounded and in each are developed six to ten, but most 
commonly eight, very small nuclei (Figs. 20, 21). The facts that plasmodia may 
contain one to ten nuclei and that sometimes, when only a few nuclei are 
present, one may be much larger than the others, indicate that the multi- 
nucleate condition is attained by nuclear division from an uninucleate stage 
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and not by segmentation of a large plasmodium into multinucleate daughter 
plasmodia. When the small plasmodia have attained the eight to ten-nucleate 
state, they secrete a stout resistant wall which stains intensely with iron 
haematoxylin and masks the internal structure of the plasmodium (Figs. 4, 
15-18, 21). The spores thus formed are 5-7 p» across and, in the fixed material, 
they are nearly hemispherical, but whether this is the normal shape or arises 
through distortion of a spherical body during fixation could not be determined 
with the material available. That the spores are susceptible to distortion during 
fixation is shown by the fact that many of them have contracted into irregular 
shapes and appear as masses of black, irregularly polygonal bodies (Figs. 16, 18). 
The normal shape in the fixed material is nearly hemispherical, or, more 
exactly, biconvex because the base is not flat but is slightly domed and has a 
pad-like thickening in the centre (Figs. 21-23). The plasmodium within the 
biconvex spore wall is hemispherical or bowl-shaped and contains, usually, 
eight small nuclei. At first the spores lie within the thin-walled chambers 
(Figs. 20, 23), but later the dividing membranes disappear and the spores lie 
freely in groups within large cavities in the host cells (Fig. 22), or in spaces left 
by the disintegration of the host cells (Figs. 16, 17). The rupture of the infected 
cells releases the spores into the lumen of the gut or the ducts of the malpighian 
tubules and from thence they no doubt pass to the exterior in the excreta of the 
insect. 

Type “‘d” development. Only a few stages in this type of development were 
observed. The earliest stage seen is a dome-shaped mass in which the cytoplasm 
has divided into many irregularly polygonal bodies, each of which contains 
three to eight nuclei, the latter number being present in most cases (Fig. 14). 
In a later stage the plasmodia have become separated by thin, hyaline walls 
and the cytoplasm is aggregating around the nuclei, of which there are now only 
four, or fewer, in most chambers (Fig. 15). In a still later stage the dividing 
walls are more distinct and the enclosed plasmodia have mostly broken up into 
uninucleate bodies, or are in the process of such division (Fig. 16). In most 
chambers the number of uninucleate bodies is four, but six nuclei are visible in 
some chambers. No further stages in the development of this type of reproduc- 
tion could be traced. The uninucleate bodies are very small, about 2 long, and 
are ovoid or bluntly fusiform. 

Type “e” development. This type of development, which was rarely seen, 
consists in the formation, from a much vacuolated plasmodium, of a number of 
uninucleate bodies, which are very small and comprise a small nucleus and a 
fusiform, or triangular, mass of cytoplasm (Figs. 17, 18). These bodies arise 
directly by the division of the plasmodium and measure about 3-4 by 2u 
(Figs. 17, 18). No further stages in their development were seen. 

Nuclear division. Dividing nuclei are not common and, owing to their 
minute size, details of division are obscure. Division seems to take place by a 











466 Mycetosporidium jacksonae 


primitive type of mitosis. The chromatin aggregates as polar caps on the 
elongating karyosome (Fig. 11). The caps, which remain connected by a strand 
of chromatin, gradually elongate and draw apart until they lie opposed to each 
other and form two pear-shaped masses united by a narrow stem (Fig. 13). The 
stem region becomes thinner and finally the two chromatin masses draw apart, 
round up and are reconstituted as daughter nuclei (Figs. 12, 13). 

Life cycle. In the absence of living material and owing to the paucity of the 
fixed material it has not been possible to work out a complete life cycle for this 
parasite or to determine the sequence of the various types of development 
described above. It is probable, however, that two cycles occur: one, a 
schizogonic cycle, concerned with multiplication of the parasite within the 
same host; and, second, a sporulative cycle concerned with the dispersal of the 
parasite and the invasion of new hosts by means of resistant spores. 

The multiplication of the parasite within the same host and the invasion of 
new host tissue, most probably takes place by the segmentation of the schizont- 
like multinucleate bodies, derived from types “‘a” and “b” development, when 
they are liberated into the lumen of the gut or ducts of malpighian tubules. The 
products of their division probably invade new host cells and repeat the 
schizogonic, or vegetative, cycle. The two types of schizonts developed may 
depend merely on the type of host cell invaded by the mother plasmodia. 

Both the small fusiform bodies and the uninucleate bodies formed in the 
multilocular sporangia, must also be concerned with the cycle within the same 
host. It is possible that either the fusiform bodies formed directly from the 
plasmodium or the bodies formed in the multilocular sporangia invade new 
cells and commence the sporulative cycle. Léger & Hesse (1905) hold the first 
view as regards Mycetosporidium talpa; but they did not observe the formation 
of uninucleate bodies in multilocular sporangia in that species. 

However obscure the initiation of the sporulative cycle may be, there can 
be little doubt that it is the part of the life cycle which is concerned with 
dispersal of the parasite and invasion of new hosts. The 8-nucleate, resistant, 
biconvex spores are shed into the lumen of the gut or the ducts of the mal- 
pighian tubules and must pass out with the excreta of the infected weevil. 
Probably when these spores are ingested by a new host they hatch in the 
intestine and either an 8-nucleate plasmodium emerges and invades the cells 
of the host, or, as suggested by Léger & Hesse for M. talpa, eight small, 
uninucleate ‘“‘germs”’ may be present in each spore, and they may invade the 
host tissue. It is also possible that an 8-nucleate plasmodium emerges from the 
spore, divides into uninucleate bodies in the lumen of the gut, and that these 
bodies then invade the host tissue. 
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Discussion 

The paper by Léger & Hesse (1905) on M. talpa is only a short preliminary 
communication without any illustrations. These authors intended to publish a 
detailed account of the parasite later but such an account has not appeared. 
The figures illustrating the present paper are the first to be published of a 
Mycetosporidium, and it is, therefore, very difficult to make a detailed com- 
parison between the parasite of Sitona and M. talpa. From the brief description 
given by Léger & Hesse, however, it appears that there is a general resemblance 
between the parasite of Sitona and M. talpa, but that the two organisms differ 
in a number of characters. Thus, whereas M. talpa is confined to the intestine, 
the infection of Sitona also occurs in the malpighian tubules. In both parasites 
the spores are similar in size and agree in having thick, resistant, densely 
staining walls and in containing eight nuclei. The vegetative stages of the two 
parasites show much in common; but the interpretation as regards the develop- 
mental stages differs, as Léger & Hesse consider that sporulation originates 
from coarse, ramifying plasmodia containing few large nuclei, whereas, in the 
parasite of Sitona, such plasmodia are considered to be purely vegetative and 
sporulation appears to arise from fine, non-vacuolated plasmodia with many 
small nuclei. Léger & Hesse do not describe stages corresponding to the multi- 
locular sporangia, in each chamber of which are developed four to six ovoid, 
uninucleate bodies, that are present in the parasite of Sitona. It seems best, 
therefore, to consider that both organisms belong to the same genus but that 
the parasite of Sitona constitutes a new species, for which the name Myceto- 
sporidium jacksonae is proposed. 

The systematic position of Mycetosporidium is still obscure. Léger & Hesse 
considered that it is related to the Mycetozoa but also has some affinity with 
the Haplosporidia. Since the Haplosporidia are themselves a heterogeneous 
collection of organisms, of doubtful affinity to other Protists, such affinity 
would not be helpful in deciding the systematic position of Mycetosporidium. 
Characters in Mycetosporidium which suggest affinity with the Mycetozoa are 
large, ramifying plasmodia and the formation of sporangia containing thick- 
walled spores; but the spores of Mycetosporidium differ from those of Mycetozoa 
in being multinucleate. Haplosporidian characters are seen in the presence of 
vegetative, multinucleate plasmodia and in the development, from the plas- 
modia, of thick-walled resistant spores. The occurrence in Mycetosporidium of 
multinucleate schizont-like bodies, small uninucleate fusiform bodies and the 
formation of four to six small, uninucleate bodies within each chamber of 
multilocular sporangia, are all peculiar features which separate these parasites 
greatly from both Haplosporidia and Mycetozoa. Thus Mycetosporidium must 
for the present be regarded as a genus of uncertain systematic position which 
shows some evidence of relationship with the Mycetozoa and also with those 
organisms at present classed as Haplosporidia. 

Parasitology 32 3° 














468 Mycetosporidium jacksonae 


SUMMARY 


Mycetosporidium jacksonae n.sp. occurs as a parasite in- the intestinal 
epithelium and the malpighian tubules of weevils of the genus Sitona. The life 
history comprises vacuolated and compact plasmodia in which arise ovoid or 
spherical multinucleate bodies resembling coccidian schizonts. Sporulation 
results in the formation, within thin-walled sporangia, of 8-nucleate, biconvex 
spores with densely staining, resistant walls. Other types of multiplication 
occur in the form of small uninucleate, fusiform bodies developed directly from 
the plasmodia; and of small uninucleate, ovoid or fusiform bodies, four to six of 
which are formed within each chamber of a multilocular sporangium. 

The parasite resembles M. talpa Léger & Hesse 1905, but differs in some 
characters and, consequently, the new species M. jacksonae is made for it. 

The genus Mycetosporidium is of uncertain systematic position and appears 
to be related to the Mycetozoa, but it also resembles the Haplosporidia in some 
characters. 

(The slides upon which the description of M. jacksonae is based are deposited 
in the Molteno Institute of Biology and Parasitology, University of Cambridge.) 
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EXPLANATION OF PLATES VIII AND IX 
Mycetosporidium jacksonae n.s}). 
(Unless otherwise stated all the figures are drawn to scale B) 
PLATE VIII 
Figs. 1-13 

Fig. 1. Tangential section of a malpighian tubule of Sitona showing a large, much vacuolated, 
ramifying plasmodium within which islands of dense cytoplasm are being formed. These 
islands later become massive, multinucleate schizont-like bodies. 

Fig. 2. Tangential section of malpighian tubule of Sitona showing later stage in the development of 
a large, ramifying plasmodium. The islands of dense cytoplasm have contracted to form massive 
schizont-like bodies. In the upper right-hand part of the figure host cells and part of a duct of 
the malpighian tubule can be seen. 

Fig. 3. Young, uninucleate parasite within replacement cell of the intestine of Sitona. 

Fig. 4. Transverse section of a heavily infected malpighian tubule showing various stages of 

development of M. jacksonae. 1.8, immature spores; p, plasmodia; sh, multinucleate schizont- 

like body; 8, mature spores. (Scale A.) 
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PLATE IX 
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ig. 5. Young parasite within epithelial cell of gut of Sitona. This is part of a binucleate parasite 

but the second nucleus is in the next section. 

ig. 6. Young 4-nucleate parasite within epithelial cell of gut of Sitona. 

. 7. A series of young plasmodia lying near the basement membrane in epithelial cells of the 
gut of Sitona. 

ig. 8. Massive, multinucleate schizont-like parasite within an epithelial cell of the gut of Sitona. 

The host cell nucleus is deformed by pressure. 

‘ig. 9. Later stage in the development of a multinucleate schizont-like parasite within epithelial 
cell of-gut of Sitona. The nuclei of the parasite appear to be dividing. 

. 10. Mature multinucleate schizont-like parasite within cell of malpighian tubule of Sitona. 

ig. 11. Multinucleate parasite in which some nuclei are dividing. (Scale C.) 

ig. 12. A small plasmodium with dividing nuclei. (Scale C.) 

ig. 13. Two small plasmodia showing stages in nuclear division. (Scale C.) 


PLATE IX 
Figs. 14-23. 


ig. 14. Part of transverse section through gut of Sitona showing a large dome-shaped plasmodium 
breaking up into polygonal bodies containing two to eight nulcei. A few small plasmodia are 
also present. 

. 15. Longitudinal section of a malpighian tubule of Sitona containing a developing multi- 
locular sporangium. Each chamber contains one to six, most frequently four, nuclei, around 
which the cytoplasm is aggregating. To the right of the sporangium there is a group of thick- 
walled spores, some of which are deformed. 

ig. 16. Part of transverse section of gut of Sitona showing, above, a sporangium containing mature 

thick-walled spores; and, below, a multilocular sporangium within each chamber of which the 

cytoplasm is aggregating around each of the nuclei to form small ovoid or fusiform uninucleate 
bodies. 

ig. 17. Part of transverse section of gut of Sitona showing a group of mature thick-walled spores 
and, to the right, a plasmodium dividing into fusiform or triangular uninucleate bodies. 

. 18. Transverse section of malpighian tubule of Sitona showing, in the centre, a mass of 
fusiform uninucleate bodies; to the left, a group of deformed thick-walled spores; and, to the 
right, a group of mature thick-walled spores. 

. 19. Transverse section of gut of Sitona showing two large dome-shaped plasmodia with 
numerous small nuclei. The cytoplasm appears to be condensing around the nuclei to form 
uninuclear elements. 

. 20. Transverse section of gut of Sitona showing a sporangium containing developing thick- 
walled spores. Trabeculae extend inwards from the outer membrane and separate the small 
polygonal or round plasmodia, each of which has four to ten nuclei. 

. 21. Transverse section of malpighian tubule of Sitona showing, below and to right, a group of 
mature thick-walled spores; and, on top, lying against the basement membrane, stages in the 
development of the thick-walled spores; in the centre there is a plasmodium with finely 
granular cytoplasm containing many small nuclei; to the right there is a plasmodium showing 
a tendency to break up into uninucleate elements; and, to the left, a group of small polygonal 
plasmodia each containing two to seven nuclei. 

ig. 22. Transverse section of a cell of a malpighian tubule of Sitona containing nearly mature 

spores. In these spores the wall is not yet fully thickened and, consequently, the 8-nucleate 

contents can be seen. 

ig. 23. Transverse section of a cell of a malpighian tubule of Sitona containing a sporangium with 

nearly mature spores. In the spores seen in surface view seven or eight nuclei are visible; and 

in the spores seen in side view the characteristic biconvex form of the spore wall and the 
hemispherical or bowl-shaped form of the contents can be seen. Traces of the thin membranes 
which separate the developing spores from each other are still visible. 
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